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In the management of the dry eye 
and idiopathic ocular discomfort... 


The clinician can prescribe conventional wet- 
ting agents or Adsorbotear™, a tear substi- 
tute containing an effective ocular wetting 
agent. Only Adsorbotear, because of its unique 
ophthalmic vehicle —-Adsorbobase™* — can 
meet the following criteria: 


@ Lower the surface tension of water 
and the tension at the water-lipid 
interface. 

@ Adsorb on the hydrophobic corneal 
epithelium converting it into a hydro- 
philic surface. 


@ Facilitate optimal corneal wetting and 
uniform tear dispersion. 


@ Provide prolonged duration of relief 
—up to 4 hours or longer-in the treat- 
ment of dry eyes due to mucus or 
aqueous tear deficiencies. 





Description: Adsorbotear solution is a sterile, 
tear-like ocular lubricant (and wetting agent) 
consisting of Adsorbobase 
(polyvinylpyrrolidone 1.67% with BP water- 
soluble polymers) and 0.44% 
hydroxyethylcellulose, as a viscosity agent, 

in a buffered isotonic solution. Preserved with 
Thimerosal (Liliy) .002%, and EDTA .05%. 


Indications: Temporary relief for dry 
conditions of the eyes — and related ocular 
problems. Adsorbotear has proved particularly 
useful in the treatment of dry eye conditions 
when there is a deficiency in conjunctival 
mucus or natural tear production, 


Administration: One or two drops of 
Adsorbotear to the eye(s) three times a day 
or as needed. 


Supplied: In 15cc. sterile dropper vials, 


sess ADSORBOTEAR™ 
TEAR SUBSTITUTE 


BURTON, PARSONS CHEMICALS (UK) LTD. 


Lower Street Cavendish W. Suffolk. 
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TWO DROPS 
DAILY 


In simple glaucoma, 
Phospholine lodide has the 
considerable advantage of 
being /onger acting with a 
lower dosage. Amaximum 
of only two installations a 
day is all that is normally 
required. 


Now available in 0.03%, 
0.06%, 0.125%, 0.25% 
solutions. 








For full technical information, please Ww EJ 
contact: 

Ayerst Laboratories Ltd, Forge Court, 

Yateley, Camberley, Surrey 


Tel: Yateley 872021 (Ecothiopate Eye Drops B.N.F.) * Registered Trade Mar 
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|. Nikon 
VERSATILE 
ZOOM-PHOTO 
SLIT-LAMP 
MICROSCOPE — 








— 













SLIT LAMP of} 9M 
for office, research 
or teaching 


Nikon built-in, quality-controlled 
accuracy makes examinations faster 
and more accurate. An ingenious 
zoom steroscopic capability to the 
observation system covers general 
ophthalmic investigation 


The microscope is a major research 
instrument with special by-pass 
optical system for image recording 
with attachment of electronic 

flash system 


Examinations can easily be 
supervised and recorded. and a 
teaching head or closed-circuit TV 
system can readily be added 


Co. Ltd.skwonuE avrsuine ——- 


TELEPHONE: 0475 5211/35* TELEX: 779075 





Scheie Eye Institute 
Bicentennial 
Congress on Ophthalmic Surgery 


Philadelphia Pennsylvania USA 
May 10-12 1976 





You are invited fo celebrate America’s 200th birthday by combining a visi io Philadelphia with attendance ata 
Bicentennial Congress on Ophthalmic Surgery, May 10-12 1976 

A distinguished international faculty with Broad perspectives Me present and evaluate both new ana tr io 
surgical concepts and techniques. In symposia and pane! GISCUSSIONS. faculty ¢ and conterees will explore s 
advanced surgical techniques really! Maud a roved alternatives to hat is currently found to be successit ac 
Further interaction between faculty and conferees will take place in gma H group discussions over unen each cav 
Three major areas will be emphasized: 





Anterior Segment Surgery: Chairman: William C, Frayer, M D 
T. A. Casey, FR C.S. H. Harms, M.D Samuel D. McPherson, M D 
East Grinstead, England Tubingen, West Germany Durham. N. Carolina 
Edward Cotler, M.D- David A. Hiles, MD Justin Van Selm, M D. 
Chicago, Illinois Pittsburgh. Pennsylvania Capetown, South Africa 
Arthur Gerald DeVoe, M D. Charles EILH M D Harold G. Scheie, M.D 
New York, New York Baltimore, Maryland Philadelphia, Pennsylvania 
Juies Francois. M D. Norman S Jaffer, ve rm Robert A. SCAUNEGEK, RA ij 
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Editorial: Onchocerciasis 


More than 3000 publications on the subject. of 


onchocerciasis testify fo its importance and com- 
plexity, O'Neil (1875) fired the opening shot, when 
he linked the presence of skin microfilariae with the 
chronic skin disease ‘craw-craw’ on the Gold 
Coast. Leuckart (1891) connected the microfilariae 
with the adult worms in skin tumours (onchocer- 
comata) excised from West Africans, although at 
that time no connexion was made between the skin 
disease and eye troubles. Across the Atlantic in 
Mexico and Guatemala, however, attention in the 
early 1900s began to be focused on a chronic skin dis- 
ease associated with blindness called ‘erisipela de la 
costa’. Robles (1917, 1919), a Guatemalan physician, 
related this to O. volvulus, while his ophthalmic 
colleague Pacheco-Luna (1918, 1919) connected the 
onchocercomata and the microfilariae to the blinding 
kerato-iridocyclitis, so characteristic of the Central 
American form of the disease that Brumpt (1919) 
called it O. caecutiens. Some 15-18 years later 
Hissette (1932) in the Belgian Congo and Bryant 
(1935) in the Sudan recognized that the African 
and Central American diseases were the same— 
but are they? Is onchocerciasis a disease of multi- 
centric origin, or was it imported from Africa 
together with the slaves and the soldiers, beginning 
with Cortes in 1519 and ending with Maximilian 
in 1867? (Torroella, 1964). 

The next major difficulty is to assess the import- 
ance of onchocerciasis as a public health problem. 
Undoubtedly it is very widespread, probably 
involving 30~50 million persons in equatorial 
Africa, 250 000 in Central America, and a few 
thousand expatriates in whom the adult worms are 
living out their life-span of 15 vears or so, probably 
producing one million microfilariae annually for 
most of this period. Perennial and heavy infection 
transforms the ocular situation from a benign 
parasitosis to a blinding disease, principally in 
those who are over 40 years of age. In some villages 
in the Sudan-savanna regions the blindness rate 
may be 34 per cent (Anderson, Fuglsang, Hamilton, 
and Marshall, 1974). A median figure for all those 
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millions of people infected who end up blind would 
be around 2 per cent or one million. in Africa, 
sooo in Central America, and none among the 
expatriates-——who should be made clearly aware 
that a diagnosis of onchocerciasis does not sentence 
them to visual impairment, but only to a chronic 
pruritic skin complaint. 

Among the scientific problems still unsolved 
are: why are there such marked variations in the 
behaviour of the disease, even between the rain 
forest and savanna regions of Africa, and between 
them and the Central American foci and also the 
Yemen? Are all the foci known? Both animal 
onchocerciasis and various species of Simuliidae 
are widely distributed over the globe, and transfer 
to humans may have occurred elsewhere. While 
the pathogenesis of the blinding kerato-iridocyclitis 
is fairly well understood the portals of entry of the 
microfilariae to the eye need further study, as do the 
aetiology and significance of the fundus lesions. In 
this issue there 1s an interesting study of this matter, 
and the authors (Bird, Anderson, and Fuglsang, 1976) 
are to be congratulated on taking Huorescein angio- 
graphy into the African bush as part of their project. 

Infestation of the anterior segment by hordes of 
microfilariae would be expected to interfere with 
intraocular fluid. dynamics, but it ts only from 
Liberia that a high incidence of chronic open-angle 
glaucoma in onchocercal as opposed to non-oncho- 
cercal subjects has been reported, by Neumann 
and Zauberman (1963), and confirmed by Langham, 
Frentzel-Beyme, and Zolu-Dumah Traub (1975). 

What to do about onchocerciasis as a public 
health matter 1s clearly of eritical importance and 
one hopes that the World Health Organization, in 
its proposal to spray insecticides from the air on 
the most affected areas in West Africa, for which it 
has a $40 millon grant from the World Bank 
to help, is making the right decision. Further 
research not only into the disease process, but 
also into such therapeutic possibilities as slow- 
release diethylcarbamazine, might usefully be put 
in train contemporaneously. 
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Morphology of posterior segment lesions of the | 
eye in patients with onchocerciasis 


A. C. BIRD, J. ANDERSON*, anb H. FUGLSANG* 
From the Institute of Ophthalmology and Moorfields Eye Hospitalt, and the 
Medical Research Council, Kumba, United Cameroon Republic* 


Hissette (1932), Bryant (1935), and Ridley (1945) 
described ocular fundus changes in Central Africa 
which were characterized by atrophy of the pigment 
epithelium and choroid, and they suggested that 
there was an association between these lesions and 
infection with Onchocerca volvulus. More recent 
epidemiological and  histopathological evidence 
supports the causal nature of this association 
(Rodger, 1960; Budden, 1963; Monjusiau, Lagrau- 
let, D'Haussy, and Gtckel, 1965; Anderson, 
Fuglsang, Hamilton, and Marshall, 19744). Many 
authors, including Quevedo (1941), Clark (1947), 
Toulant, Robineau, and Puyelo (1950), D’Haussy, 
Rit, and Lagraulet (1958), and Lagraulet and 
Monjusiau (1964), have also recognized that optic 
neuritis and optic atrophy are associated with 
onchocerciasis. However, the pathogenesis of the 
posterior segment lesions remains obscure (Rodger, 
1960; Budden, 1962; Quéré, Basset, Lariviére, 
Basset, and Razafinjato, 1963; Ben-Sira and 
Yassur, 1972), and little attention has been given 
to the relative importance of optic nerve and 
fundus lesions as causes of blindness in onchocer- 
ciasis (D'Haussy, Boithias, and Bertet, 1954; 
Weyts, 1956). 

The morphology of the posterior segment lesions 
attributable to onchocerciasis in 244 patients who 
were examined in the Sudan-savanna and rain- 
forést zones of the United Cameroon Republic is 
described in this paper. The study took place in 
March -1974 and March 1975. 


Materials and methods 


Altogether 331 patients were selected for examination 
from three sources: 

(a) 85 had posterior segment lesions compatible with 
onchocerciasis which had been identified during a 
population survey carried out in 1970—72 (Ander- 
son and others, 19748; Anderson, Fuglsang, 
Hamilton, and Marshall, 1974b). 


*Medical Research Council Grant holders, PO Box 55, Kumba, 
SW Province, United Cameroon Republic 
This study was supported by the Medical Research Council 


Address for reprints: A. C. Bird, FRCS, Moorfields Eye Hospital, 
City Road, London EC1 


(b) 231 patients, most of whom had come spontane- 
ously with visual complaints, were found to be 
heavily infected with O. volvulus. ' 

(c) 15 patients were from the Bulu Blind School in 
the SW Province of Cameroon. | 

Eighty-seven patients from groups (b) and (c) were 
rejected from the study. In 56, the fundus was con- 
sidered to be normal and no evidence of visual loss was 
detected, and in 31 there were fundus lesiona unrelated 
to onchocerciasis—such as typical ocular toxoplasmosis, 
myopia, macular hole, and  genetically-determined 
retinitis pigmentosa. 

This report is concerned with the E in- the 
remaining 244 patients. 

Of these, 140 came from the Sudan-savanna and 
104 from the rain-forest. Of the 140 savanna patients, 
58 had previously received treatment with suramin 
and/or diethylcarbamazine citrate (dec) under medical 
supervision. In the rain-forest, nine of thel1o4 patients 
had been treated similarly, and many others admitted 
to having taken variable quantities of dec on their own 
initiative. 

The intensity of infection with O. volvulus had been 
assessed previously by measuring the concentration of 
microfilariae in weighed skin snips, and by recording 
the number of microfilariae seen in the, cornea’ and 
anterior chamber, together with their presence in the 
retrolental space or vitreous (Anderson ‘and others, 
19748). 

Visual acuity was measured using the illiterate E- 
chart, and visual fields to confrontation were recorded 
in most patients. After the pupil had been idilated with 
mydriacil r per cent, the fundus was examined by 
indirect and direct ophthalmoscopy, and colour photo- 
graphs were taken using a Kowa RC 2 fundus camera. 
Fluorescein angiography was performed in 210 patients. 
Five m] 20 per cent sodium fluorescein were injected 
into the antecubital vein, and photographs were taken, 
with a Kowa RC 2 fundus camera, at r-5 s intervals 
during the initial transit of dye through the retinal 
vessels, and subsequently at 1, 3, and 5 min. A Baird 
Atomic filter with an 80 per cent transmission at 
4800 A and a broad transmission band of 400 A was 
used for excitation, and an Ilford 110 Gelatin filter as a 
barrier. | 

Blood specimens were obtained from 95 patients who 
had undergone angiography in 1974. iDr Pauline 
O'Neill of the Department of Clinical Microbiology, 
Louis Jenner Laboratories, St Thomas's Hospital, 
London SE1, performed Treponema pallidum haemag- 


glutination CU PHA) tests and Venercal Discase Refer- 
ence Laboratory (VDRL) slide tests for anticardiolipin 
antibody on the specimens. Solubility tests for sickle 
haemoglobin were performed by Professor R. G. 
Huntsman in the Department of Pathology, Lambeth 
Hospital, London SE1, and haemoglobin electrophoresis 
was done by Dr S. Welch in the Department of Bio- 
chemistry, London Hospital Medical College, London Ex. 


Results 


Table I shows the age and sex distribution of the 
244 patients. Relatively more young males were 
included in the savanna, but the male/female 
ratio was the same in both areas (approximately 
5:1). 

In the 140 savanna patients the pretreatment 
mean numbers of microfilariae per mg of skin 
(mf/mg) at the left outer canthus, shoulder, but- 
tock, and calf, were 32, 45, 120, and 95 respectively. 
In only five of them was the skin concentration less 
than 50 mf/mg at all four sites; two were old men, 
one was a boy aged 6 years, and in the other two 
there was a doubtful history of previous treatment. 
The savanna patients were thus shown to be 
heavily infected. Microfilariae were seen in the 
cornea in 134 of the 140 patients (95:7 per cent). 
In 22 patients 1-5 microfilariae were present, in 
29 6-20, and in 83 more than 20 microfilariae. 
Microfilariae were also seen in the anterior chamber 
in 120 patients (85:7 per cent) at a single pre- 
treatment examination (1-5 microfilariae in 75 
patients, 6-20 in 28, and over 20 in 17). Microfi- 
lariae were seen in the retrolental space or in the 
vitreous in 47 of the 140 cases (33:6 per cent). 

Valid pre-treatment microfilarial density figures 
were available from only 52 of the 104 rain-forest 
patients, and skin snips had not been taken at 
the outer canthus and calf. The mean number of 
mf/mg was 42 at the shoulder and 124 at the 


Table I Age and sex distribution by area 
pn———— án ERE EE ATTAT 

Savanna Rain-forest 

Males Females Males Females 
Age ( Per ( Per í Per ( Per 
f yrs) No. cent) No. cent) No. cent) No. cent) 
8-9 3 (0 a: (0 3: G) o (o 
10-319. 41 (29 7 © 58 (9 3 (3 
20-29 32 (23) u (8) 16 (15) 4 C4) 
30-39 23 (60) 6 ( 20 (19) 5 (5) 
40-49 8 (60 s (p 26 (25 5 (s) 
sot 3 G) o (o) 16 (ts o (o) 
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Total :10. (79) 30 (21) 87; (84 17 (1b) 
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Morphology of posteriot segment lesions 3 
* * 
Table Il Pattern of ocular disease shown as a 
percentage of the population studied | 
Rain- 
Savanna forest 
Morphology Retinal pigment 
epithelial atrophy 
mild 203 25'0 
severe 36:4 404 
Atrophy of retina 
and 
choriocapillaris 209 20:2 
Hi -defined sub- 
retinal swelling 577 s: $ 
Subretinal hbrosis 674 Lis 
Distribution Temporal S43 56:5 
Nusal | 7t T3 
Peripapillary rowo He 
Optic Opuc atrophy 83-7 67:3 
nerve Pronounced sheath- 
disease ing of vessels 13:6 19:2 
Swelling of optic 
disc 264 113 





buttock. Microfilariae were seen in the cornea in 
33 of these 52 patients (63:5 per cent), r-5 in I8 
cases, 6-20 in 11, and more than 20 in four. They 
were seen in the anterior chamber in 46 patients 
(88:5 per cent), 1-5 in 21, 6-20 in r2, and more 
than 20 in 13, and in the retrolental space or 
vitreous in 22 (42:3 per cent). 

]n this selected group there were thus relatively 
more savanna patients showing mucrofilariae in 
the cornea, whereas relatively fewer showed them 
in the anterior chamber and posterior to the lens. 


Since the pattern of posterior segment lesions 
was similar in both sexes and in treated and un- 
treated patients, the ocular analysis is given by 
area only. Fundus lesions were analysed in terms 
of their morphology and distribution, and the 
relative frequency of the different forms and of 
the severity of the fundus disease were summarized 
by area (Table II). The changes in the optic discs 
were analvsed, and the relative. contribution. to 
reduction of visual acuity of choroido-retinal and 
optic nerve lesions was also assessed. 


1. CHOROLDO-RETINAL CHANGES 
Many of the fund: 
appearance, and it was common to observe lesions 
of different appearance in the same fundus, Within 
individual lesions, one part often presented a 
different appearance from another. The morphology 
and distribution of the choroido-retinal lesions 


r 


presented a polymorphic 
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FIG. t Zrregular atrophy of pigment epithelium 
temporal to fovea giving rise to mottled hyperfluorescenci FIG. 2 Confluent atrophy of pigment epithelium 
during fluorescein fundus angiography fe mporal to fovea shown as transmission defect 





FIG. 3 Confluent atrophy of pigment epithelium extending from optic disc upper temporally with evenly distributed 
punctate li vf» rpigmentation throughout lesi in. Leakage ül dve from opti disi also occurred 





ric; z ( "otia n atrophy nj pi FMi nt epithelium 
FIG. 4 Confluent atrophy of pigment epithelium occupying whole of posterior pole with leakage ofdve 
surrounding fovea ‘rom optic disi 


Vorpholog\ al hoxsterior Yi Herl lestons S 





FIG. 6 





rig. 7 Multifocal temporal lesions with leakage of dye 
from optic disc 


were usually similar in both eyes, but in a few 
patients striking asymmetry was seen. Widespread 
disease was not necessarily accompanied by severe 
morphological change, since in many fundi the 
entire posterior pole was affected by pigment 
epithelial atrophy only. 

The changes observed in the fundus were as 
follows: 


Morphology 

Atrophy of the retinal pigment epithelium 

In its mildest form this was represented by an ill- 
defined area of uneven thinning of the pigment 
epithelium, which showed mottled hyperfluores- 
cence on fluorescein fundus angiography (Plate 1a; 


Figs 1, 9a). This change alone was seen in 55 
b 


ts 


patients (22:5 per cent), 29 in the savanna and 


Isolated fe mporal lesion ecitli leakave nj dve from opti disi 


in the rain-forest. It was sometimes difficult to 
identify by ophthalmoscopy, and fluorescein angiog- 
raphy was used as a confirmatory test whenevet 
possible. 

[n its more severe form there was a well-defined 
grevish area of confluent atrophy of the pigment 
epithelium (Plates 15-d, 2a, b, c, 3a, 6, 4a). During 
the initial transit of dye there was even hyper- 
fluorescence, which faded during the subsequent 
10 min (Figs 2-8. 10, 11, 13, 14). This change was 
seen in 693 patients (351 per cent), 5I in the 
savanna and 42 in the rain-forest 

In 21 patients (14 savanna, seven rain-forest) the 
lesions were well defined and circular and had a 
metallic reflex, similar to the tapetal reflex seen 
degenerations 


in eenetically-determined retinal 


(Mann, 1937) (Plates 3a, b; Figs 13a, 5) 


: lirophy of the chortoi apillaris 


[his was not seen in isolation, but occurred in 


areas of pigment epithe lial atrophy. Disappearance 
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MiG. 9 Right eve shores 
irrezular pigment epithelial 
atrophy temporal to fovea (ga) 
Fluorescein angiography of left 
eve of same patient, illustrated 
in Plate 2a, demonstrated 
widespread change and focal 
lesion with atrophy of pigment 
epithelium and chortocapillaris 
(9b). Five minutes after initial 
dve entry, central portion was 
hyperfluerescent (9c) 


PIG. 10. Fluorescein angiography 
of right eve illustrated in Plate 2b, 
demonstrating confluent atrophy 

of the pigment epithelium 

temporal to fovea 


ria. 10. Fluorescein angiography 
of left eve illustrated in Plate 2c 
demonstrating atrophy of pigment 
epithelium and chortocapillarts 
temporal to fovea, and widespread 
atrophy of pigment epithelium 
only in remainder of posterior 


p le 


HG. 12 Fluorescein angiography 
nj left eve illustrated in Plate 2d 
demonstrating atrophy of pigment 
epithelium and choriocapillaris 
temporal to fovea, and widespread 
atrophy of pigment epithelium 
only in remainder of posterior 


pole 
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PLATE 1 


of the choriocapillaris allowed a direct view of the 
large choroidal blood vessels, which occasionally 
appeared to be white rather than red (Plates 1 f-t, 
2a, 4a-d). Fluorescein angiography (Figs 9b, c, 
11, 12, 13a, 14-16, 18, 19a-d, 20, 21) confirmed 
closure of the choriocapillaris and showed that 
all of the large choroidal vessels were patent, 
indicating that the white appearance was due to 
thickening of the vessel wall rather than to vessel 
closure. Atrophy of the choriocapillaris was scen 


Lesions temporal to fovea comprising pigment epithelial mottling (1a), confluent atrophy of pigment 
epithelium (1b, c, d, e) and combined atrophy of pigment epithelium and choriocapillaris (1$, 1) 


in So patients (20°5 per cent), 29 in the savanna 
and 21 in the rain-forest. Confluent atrophy of the 
pigment epithelium and chortocapillaris. affecting 
the whole of the posterior fundus was seen in 
eight patients only (Plate 4d; Fig. 20). In larg 
areas of atrophy of this tvpe, islands of surviving 
choriocapillaris could often be demonstrated bs 
angiographv (Fig. 21). This change was mos! 
frequently seen. in a part of the posterior pol 


which was otherwise diffusely diseased (Plates 
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(13b) > 





FIG. 13 Fluorescein angiography of right eve illustrated in Plate 3a demonstrating well-defined circular areas of 
pigment epithelial atrophy throughout posterior pole, but sparing fovea (13a). There ts atrophy of choriocapillaris 
above and temporal to fovea with leakage of dve from subretinal fibrous tissue. Left eve of same patient ( Plate 3b) 
shows similar disease ( 13b) 





FIG 14 Multifocal disease comprising localized atrophy of pigment epithelium throughout posterior pole, and 
confluent atrophy of pigment epithelium and chori apillarts femporal fa for ea ( Temporal lesion shoven in Plate if) 
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PLATE 2 


th, i, 2a, 3€, 4a, b; Figs 9b-c, 10-19). These patches 
were hvpofluorescent during the initial transit. of 
dve due to lack of choriocapillaris, but when small 
became hypertluorescent after 5 min (Figs 9b, c). 


Ill-defined pale swelling at the level of the choroid 
and pigment epithelium 

Lesions of this type occurred in areas of diffuse 
disease, identified. in 14 patients (5°7 
per cent) eight in the savanna and six in the rain- 


and were 


Lesions temporal to fovea consisting of confluent atrophy of pigment epithelium (2a—d). In one 
patient (2d) there is peripapillary fibrosis 


forest. Fluorescein showed these 


lesions to be highly vascular, and after initial dys 


angiography 


transit there was progressive leakage of dve into 
the lesion (Figs 160-d, 21). 

Subretinal fibrosis with widespread atrophy of the 
retinal pigment epithelium and choroid 


This deep lesion was white with well-defined 
borders and occurred in 21 patients (8:6 per cent), 
nine in the savanna and 12 in the rain-forest 


9 
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FIG. 13 Confluent atrophy of pigment epithelium and 
choriocapillarts temporal to fovea 





riG. 16 Confluent and zcell-defined atrophy of pigment 


epithelium and chori apillaris fe mporal fo fovea 





FIG. 17 Isolated nasal lesion comprising confluent 
atrophy of Pigment epithelium 


(Plates 3a-d). Fluorescein angiography indicated 
the presence of capillaries within the fibrous 
tissue (Figs 13a, 16, 21). 


Hyperpigmentation at the level of the pigment 
epithelium 


This was common to all forms of atrophy of the 
retinal pigment epithelium and choriocapillaris, 
and was never seen in isolation. It presented as 
brown or mauvish-brown spots or discs, uniformly 
distributed throughout the area of choroido-retinal 
atrophy (Plate 1c; Figs 2, 3, 4, 5), or as irregular 
hyperpigmentation in any part of the lesion 
(Plates td-1, 2b-d, 3a-d, 4a-b; Figs 6-8, 10-185). 
In two patients the changes were widespread, and 
gave rise to the appearance of pigmentary retino- 
pathy (pseudoretinitis pigmentosa). On fluorescein 
angiography the pigment obscured the background 
choroidal fluorescence. 

Pigment migration forwards into the retina was 
relatively uncommon. It presented as solid-black 
masses, or more rarely as ‘bone corpuscle’ and 
retinal paravascular pigmentation. 


Posterior retinal oedema and uveitis 


In three patients who had severe uveitis with a 
cellular reaction in. the aqueous and vitreous 
humours, the posterior retina was oedematous. On 
Huorescein angiography there was dye leakage into 
the retina from the retinal capillaries and veins 
(Figs 22a, b, ©. 


Distribution 


‘The most common site of fundus disease was 
temporal to the fovea (Plates 140-7, 2a-d, 3b-d, 
Figs 1-2, 6-10, 12, 135, 15, 16, 18). Lesions at this 
site were seen in 135 patients (55:3 per cent), 76 
in the savanna and 359 in the rain-forest. Isolated 
lesions nasal to the optic disc were relatively. less 
common, presenting in only 18 patients (7:4 per 
cent), 10 in the savanna and eight in the rain- 
forest (Plate 4a; Figs 17, 18). Marked peripapillary 
pigmentary atrophy was seen in 22 patients 
(9*0 per cent), r4 in the savanna and eight in the 
rain-forest. While some patients had isolated 
lesions at these sites, others had multiple well- 
defined lesions in the posterior fundus which 
frequently formed an interrupted ring around 
the macular region (Fig. 14). The entire posterior 
pole was involved in 63 patients (25:8 per cent), 
36 in the savanna and 27 in the rain-forest (Plates 
3¢, 46-d, Figs 4, 5, 11-13a, 19-21). In 38 of them 
(22 in the savanna and 16 in the rain-forest), the 
macular region was spared (Plates 3a, c, 4c; Figs 
4, 5, 130, 1940) 





PLATE 3 


atrophy occupying whole of posterior pole but sparing macula (3 
hyperpigmentation (3d). In all four patients there was localized subi 


2. OPTIC DISC CHANGES 

Optic atrophy was present in 145 patients (60°6 
per cent), 78 in the savanna and 70 in the rain- 
forest. In each case retinal nerve fibre loss was 
indicated by defects in the superficial retinal white 
reflex, and baring of the retinal blood vessels was 
apparent (Hoyt, Newman, 1973) 
(Fig. 23). Pronounced sheathing of the major 
retinal vessels on the optic disc and extending 1 


Frisen, and 


Widespread confluent atrophy of pigment epithelium occup 


Morphology of posterior segment lesions 11 


1g as well-defined lesions (3a, by, as diffuse 







nporal region associated vith marked 
Fibrosis 


to 2 disc diameters away from the disc was present 
in 39 of these patients (19 in the savanna and 20 
in the rain-forest) (Plate 2d; Fig. 26), and in thre 
there was marked peripapillary hyperpigmentation 

In 137 (92:6 per cent) of the patients with opti 
atrophy there were associated choroido-retinal 
changes compatible with onchocerceiasis, but 1 
most of these the fundus changes were mild and i 


was unlikely that the atrophy was consecutive to 
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retinal disease. By contrast, severe choroido-retinal 
atrophy affecting the entire posterior pole was seen 
without optic atrophy in nine patients. 

Swelling of the optic disc was seen in 49 patients 
(20'1 per cent), 37 1n the savanna and 12 in the 
rain-forest, of whom 29 had choroido-retinal lesions 
compatible with onchocerciasis. Fluorescein angio- 
graphy was performed in 37 of these eases and this 
showed dilatation of the superticial capillaries of 





FIG, 1§ Fluorescein angiography 
of left eve illustrated in Plate 4a 
demonstrating focal lesions 
temporal and nasal to fovea 
comprising atrophy of pigment 
epithelium and choriocapillaris 


FIG. t9 Fluorescein angiography 
of right eve illustrated in Plate 4b 
demonstrating combined atrophy 
of Pigment epithelium and 
choriocapillaris temporal to fovea, 
and confluent atrophy of pigment 
epithelium elsewhere in posterior 
pole but sparing macula ( 19a). 
Central part of this area had 
subretinal vascular lesion (19b, c) 
from which there was profuse 
leakage of dye (19d) 


KG. 20 Fluorescein angiography 
of right eve illustrated in Plate 4d 
demonstrating confluent atrophy 
of pigment epithelium and 
choriocapillaris throughout 


pos fertor pole 


the optic disc and peripapillary retina, with leakage 
of dve into the nerve head ( Figs 1,3, 977, 1O, EM, 


3. VISUAL. FUNCTION 

The visual acuity of each eye is shown for savanna 

and rain-forest patients separately in ‘Table ITT. 
Many patients had good central vision, and the 


Morpholow of hosteriol segment li Cros I3 





PLATE 4a Widespread focal disease in which temporal lesion consists of confluent atrophy of pament epmtheltum 
and nasal lesion shows combined atrophy of pigment epithelium and chorbocapillaris 


b Confluent atrophy of pigment epithelium and choriocapillaris temporal to macula, IW thin this area there is 
vascular subretinal lesion 


c Confluent atrophy of pigment epithelium occupying whole of posterior pole but sparing macula and 
accompanied by atrophy of choriocapillaris temporally and superior!) 


d Confluent atrophy of pigment epithelium and chortocapillaris affecting whole of posterior pole 
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median visual acuity in each group was 6/12. 
However, it must be emphasized that most patients 
had symptoms related to visual field loss and poor 
night vision, and on examination were found to 
have verv restricted visual fields, so that many 
with good central visual acuity were severely 
handicapped, 





Table III Visual acuity by area 
Savanna Rain-forest 
Visual Right Left Right Left 
acuity eve eve eve eve 
( Per Per ! Per ( Per 
No. cent) No, cent) No. cent) No. cent) 
6/6 36 (40) $53 (35) 34 (33) 336 (35) 
6/9 12 (9) 11 (8) 16 (45) 13 (12) 
6/12 I5 (11) 23 (16) » x 3 (3) 
6/18 0 (6) 7; (5) 6 (6) $. (5) 
6/24 6 (4) 3. (2) 5 (5) o0 (9) 
6/36 3 (2) 7 (5) 3 (3) | (1) 
6/60 2 (2) 3 (2) 2 (2) 4 (4) 
Counting 
fingers ^ (6) gy (6) t (3) 2: (4 
Hand 
movements 12 (9) 12 (9) L1 (11) 11 (at) 
Perception of 
light 
Present y (6) 3 (2) 2 (2) 6 (6) 
Absent S (6) 0 (6) 15 (14) 0 (9) 
‘Total 140 140 104 104 





FIG. 21 Fluorescein angiography 
demonstrating confluent atrophy 

of ptgment epithelium and 
choriocapillaris throughout the 
posterior pole except in temporal 
part of lesion where choriocapillaris 
survives. Within area ts 

subretinal vascular lesion with 

dye leakage 


Altogether 145 patients (59:4. per cent) had 
either very poor vision in both eyes, or the visual 
field was restricted to within 5° of fixation in the 
better eye, so that they were severely handicapped. 
It was considered that in 127 of these (87:6 per 
cent) the visual loss was determined by optic nerve 
rather than choroido-retinal disease. 

The pattern of visual loss in most patients 
suggested optic nerve disease. Patients with optic 
disc swelling were asymptomatic, 
but usually complained of visual field loss and poor 
night vision. In all patients with mild or early 
disease arcuate defects could be demonstrated. 
In all cases of established optic nerve disease, 
whether swelling or atrophy, there was restriction 
of the visual fields to within 5° of fixation. Five 
patients had normal optic discs despite a history of 
recent loss of visual acuity and demonstrable 


occasionally 


arcuate defects. 


4. BLOOD TESTS 


‘The results of tests for treponemal disease on the 87 
blood samples suitable for testing are shown in 
Table IV. It is likely that the positive VDRL 
slide tests in the presence of negative TPHA 
tests represented a biologically false positive result, 
so that there was evidence of treponemal infection 
in 26 patients from the rain-forest but only one in 
the savanna. Table V shows the type of ocular 
disease compared with the results of treponemal 
tests in the patients from the rain-forest, and 
demonstrates that there was no correlation between 
the two. 
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FIG. 22 Fluorescein angiography of patient with vitritis and posterior vetinal aedem nonstrati takave from 
retinal veins 


Only eight. specimens out of the total of 93 
suitable for testing had positive solubility tests for 
sickle haemoglobin (five from the savanna and 
three from the rain-forest), and electrophoresis 
showed all eight to contain haemoglobin S and A. 


Table IV Results of tests for treponemal disease 














‘Treponema lV'enereal Disease 
pallidum Reference 
haemagglutinin Laboratory Rain- 
ASSAYS flocculation tests Savanna forest 
o E 
I 17 
- 2 2 
-— 40 1h 
43 44 
I IG 2 ` Ri d Iri furetti / fi Lot raph it mon T4 ting 
Table V Results of test for treponemal disease linear defects in superficial reflex of retina indicating 
compared with type of ocular disease nerve fibre bundle 
Treponema pallidum Tem n3 
" Fundus changes attributable to sickle cell diseas 
haemagglutinin 
Venereal Disease Reference were not seen in this study, 
Laboratory - 
- Discussion 
t No fundus disease o 2 o 3 
Che evidence that the posterior segment oi ulat 
2 Fundus disease alone lesions described in this paper are due to oncho- 
a mild 2 4 1 2 cerciasis is lareely epidemiological, In the past, 
b severe l l E o various workers have attempted to classify the 
7 fundus lesions of onchocerciasis into. distinct 
1 tic nerve disease i 2 C 3 | lod 
3 Optic nerve disease alone = s } clinical entities on the basis of their morphologs 
= : The best known torn of thy clise isc. f ONSISTING (it 
4 Optic nerve disease with | | 
well-defined atrophy of the choroid and retina, 
a mild fundus disease 2 E I 5 l 
b severe fundus disease 5 i 5 A Was first desc ribed h^ I fisse tte (1032) M thre Conger 
‘ - A 


basin and later by Brvant (1033) in Sudan. Ridlës 


SS 
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(24b) 


FIG. 24 Dilatation of pre- and pertpapillary blood 
vessels (24a) and leakage of dye into optic disc (24b) 


(1945) gave the most detailed early account of this 
lesion in patients from West Africa, and he was not 
in doubt that the ocular disease was due to infection 
by O. volvulus. On the basis of his own observations 
published material 
(Hissette, 1932; Bryant, 1935; Semadini, 1943), 
he thought it likely that the vascular atrophy in 
the choroid was due to occlusion of short ciliary 


and previously histological 


blood vessels by endarteritis rather than to inflam- 
mation in the choroid. However, Neumann and 


Gunders (1973), in a histopathological study of an 
eye with the typical changes described by Ridley, 
found all but one short ciliary artery supplying the 
diseased area to be normal. The one remaining 
vessel was markedly narrowed and surrounded by 
plasma cell infiltration, and they implied. that 
arterial occlusion was unlikely to be important in 
the pathogenesis of the atrophic lesion. 

Rodger (1957, 1960) distinguished two types of 
fundus lesion in onchocerciasis: an atrophic type, 
in which signs of inflammation were absent and 
microfilariae were not seen in the eye, and an 
inammatory type, in which abundant micro- 
hlariae could be 
vitamin-A deficiency was important in the patho- 
genesis of the former. 


identified. He suggested that 


The lack of evidence of vitamin-A deficiency in 
the present study is in agreement with the findings 
of Lagraulet (1972). Further, Neumann and 
Gunders (1963) found microfilariae in the anterior 
chamber in all patients with the atrophic lesion in 
Liberia, and our experience in this study supports 
their observations. Finally, Neumann and Gunders 
(1973) in their histological study found micro- 
hlariae of O. volvulus in the choroid at the site of 
atrophy. 

Choyce (1958) described a disease characterized 
by atrophy of the retina and choroid affecting the 
whole of the fundus, which he thought was differ- 
ent from choroido-retinitis due to onchocerciasis. 
These patients were seen at Bonjongo, a village on 
Mount Cameroon, which he considered to be an 
isolated community, and he suggested that the 
disease was determined, 
morphology generalized choroidal 
atrophy previously described by Sorsby (1939, 
1955). However, most authors (D'Haussv, Le 
Breton, Aubry, Vandendorpe, Lagraulet, Budden, 
Bisley, and Quarcoopome, 1958; Lagraulet, 1958; 
D'Haussy and Uemura, 1960; Quéré and others, 
1963) have been unconvinced by Choyce's claim 
that he was describing a disease different from 


genetically since its 


resembled 


onchocerciasis, and have assumed that the condi- 
tion described in Bonjongo was a severe form of 
that described in Africa by Hissette (1932), Bryant 
(1935), and Ridley (1945), and in Central America 
by Quevedo (1941) and Clark (1947). We examined 
a large number of patients on Mount Cameroon, 
including many from the village of Bonjongo, and 
saw no condition, even in the blind, which was 
distinguishable from fundus disease attributable 
to onchocerciasis. 

recognized three 
distinct morphological entities (atrophy of the 
retinal pigment epithelium and choroid, inflamma- 
tory choroido-retinitis, and pigmentary retinopathy) 


Quéré and others ( 1903) 


and thes accepted that onchocerciasis alone could 


Morphologi or postertol segment ES Ons I 






FIG. 25 Dilated tortuous pe ripapillar v blood vessels 
(25a) and dye leakage into optic disc (25b). Other eve 


Wr —. also had leakage into the optic disc (25c) 


x í 


wal 





produce all three disease patterns, Metge, Chovet, graphy. Although the histopathology of this lesior 
Casenave, and Loréal (1974) used fluorescein has never been studied, its co-existence with 
fundus angiography to study the morphology of advanced choroido-retinal atrophy elsewhere 1 
lesions in patients with onchocerciasis and they the same eve, or in the fellow eve, suggests that 
subdivided the changes into specific categories. is a mild or early form of the more commonly- 
They accepted that the different types of lesions described lesion characterized by confluent atrophy. 
were all due to onchocerciasis and thought that of the pigment epithelium and choriocapillarts 
they represented different stages of severity. of the The pale, ill-defined, swollen choroidal lesions 
disease. which proved to be vascular and showed leakag 
In the present study, atrophy of the pigment of fluorescein, are likely to be choroidal granulo- 
epithelium appeared to be the mildest form of the mata. The fact that thev were seen in areas ol 
disease, and in some cases it could be recognized choroido-retinal atrophy supports the view that 


with certainty only by fluorescein fundus angio- this tvpe of atrophy is the result of inflammation 
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FIG. 26 


Red free photograph illustrating perivascular 
fibrosis of optic disc 


rather than being genetically determined (Choyce, 
1958). It should be pointed out that this inflamma- 
tory lesion could be recognized by ophthalmoscopy 
only with difficulty. Likewise, subretinal fibrosis 
probably results from scarring following a similar 
inflammatory lesion, in which invasion of the 
granuloma by blood vessels is prominent. The 
well-demarcated grey disc-shaped areas of pigment 
epithelial atrophy probably represent the site of 
previous inflammation, albeit less severe than in 
the vascular lesions. 

Unlike Quéré and others (1963) and Metge and 
others (1974), we were unable to distinguish 
distinct forms of the disease. From the morpho- 
logical standpoint, there appeared to be a continu- 
ous spectrum from mild to severe disease without 
any indication of demarcation between one form 
and another. The heterogeneity of the lesions, 
and the occurrence of different types of lesion in a 
single eye, or in the two eyes, strongly suggest 
that inflammation alone is responsible for the patho- 
genesis of fundus changes in onchocerciasis. Al- 
though the paucity of pigment-containing cells in 
the retina and the preservation of the outer choroid 
are both uncharacteristic of most postinflammatory 
lesions due to other infective agents, these features 
may be determined by the relatively low anti- 
genicity of the microfilariae of O. volvulus. This 
would result in a low grade and localized inflam- 
matory response associated with little necrosis, 
analogous to the skin changes in onchocerciasis 
(World Health Organization, 1974). 

The severity of fundus disease in the savanna 
was similar to that in the rain-forest, and the differ- 


ent types of lesion were seen with the same fre- 
quency in both areas (Table ID. This is in contrast 
to the pattern of lesions seen in the cornea, where 
the blinding sclerosing keratitis is virtually confined 
to the savanna. Duke and Anderson (1972) showed 
that microfilariae of the Sudan-savanna strain were 
more pathogenic to the rabbit cornea than micro- 
hlariae of the rain-forest strain, but the present 
study revealed no evidence of varying pathogenicity 
to the human fundus. 

The constancy of the distribution of choroido- 
retinal changes in onchocerciasis is striking, and 
it was recognized by Budden (1973) and Metge 
and others (1974) that the lesions overlie the site of 
scleral perforation of the long ciliary arteries. 
Lesions temporal to the fovea, seen in 135 patients 
in this series, corresponded to the site of entry of 
the temporal long ciliary artery, and although 
lesions overlying the entry of the nasal long ciliary 
artery occurred, they were far less common (18 
patients). The ring of involvement in the posterior 
pole with sparing of the macula, which occurred 
in more severe disease, overlies the ring of entr 
of the short ciliary arteries. The significance of 
this distribution could be easily understood if the 
microfilariae passed from the peribulbar orbital 
tissue into the choroid through the scleral canals 
as was indicated by Neumann and Gunders (1973), 
although the disparity between isolated temporal 
and nasal lesions would have to be explained. If 
the source of microfilariae was adult worms in the 
temporal region and the  microfilariae gained 
access to the orbit through its temporal margin, 
it is likely that their concentration in the temporal 
side of the orbit would be higher than in the nasal 
side. It would follow that penetration by micro- 
hlariae through the temporal scleral canals would 
occur with greater frequency than through the 
canals on the nasal side. However, it has also been 
shown that the prevalence of O. volvulus micro- 
hlariae in the blood is high in heavily infected 
persons (Fuglsang and Anderson, 1974). If the 
organism causes disease by entering the eve via the 
blood stream, the distribution of the choroido- 
retinal lesions remains unexplained. 

That optic nerve rather than choroido-retinal 
disease may be the cause of visual loss in oncho- 
cerciasis has been well recorded. Most authors 
agree that the optic nerve disease is inflammatory 
in origin, and microfilariae have been demon- 
strated in optic nerve tissue (Giaquinto Mira, 
1934; Rodger, 1:960; Paul and Zimmerman, 
1970). During the active stage the nerve head is 
swollen (Védy and Sirol, 1971), and it later becomes 
atrophic with ill-defined margins and perivascular 
sheathing and pigmentation. D’Haussy, Bover, 
and Aubert (1963) described one case in detail. 


The patient had a severely restricted visual field 
in one eye, altitudinal loss in the other, and poor 
dark adaptation in both. The electroretinogram 
was normal or near normal in both eyes, indicating 
lack of involvement of the outer retina. 

Patients with optic nerve disease and a short 
history of visual field loss had easily demonstrable 
arcuate field loss, and in some the field was restric- 
ted to the central 5°. It is likely that the symptom 
of poor night vision, which is so common in 
patients with ocular onchocerciasis, is due in many 
cases to denervation of the rod-rich peripheral 
retina by optic nerve disease, rather than to retinal 
disease to which it has been almost universally 
ascribed. The pattern of optic nerve disease was 
very similar to that seen in syphilis. However, 
there was no correlation between the results of 
serological tests for treponemal infection and the 
type of ocular disease. Positive serological tests 
were found almost exclusively in patients from the 
rain-forest, whilst the optic nerve disease was 
found with equal frequency in the two groups. 
That the optic nerve disease is not due to syphilis 
is in agreement with the conclusion of D’Haussy, 
Pfister, Rit, and Breteau (1957) drawn from a study 
in Mali. 

In the past, little attention has been paid to the 
relative importance of optic neuritis and choroido- 
retinitis as blinding conditions in patients with 
posterior segment ocular disease caused by O. 
volvulus infection. D'Haussy and others (1954) 
found isolated optic nerve disease in 5 per cent of 
536 patients suffering from ocular onchocerciasis 
in Bamako, and Wevts (1956) reported a frequency 
of 7 per cent in patients in Zaire. A further 31 
per cent of Weyts's patients had combined optic 
nerve disease and choroido-retinitis, but no assess- 
ment was made of the relative significance of the 
two lesions as a cause of visual loss. 

In this study, the frequency of optic nerve 
disease as the cause of blindness (87:6 per cent) 
was striking. This is particularly important since 
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optic nerve disease can cause severe and pro- 
gressive visual loss leading to irretrievable blind- 
ness in earlv life. More than a quarter of the patients 
in our series were under the age of 20 years, and 
blindness from posterior segment disease due to 
onchocerciasis is not uncommon in heavily in- 
fected persons at that age. This contrasts with 
previous views (Lagraulet, 1972). 


Summary 


Posterior segment ocular lesions were examined 
in 244 selected patients with onchocerciasis from 
the Sudan-savanna and rain-forest areas of the 
United Cameroon Republic. Fluorescein fundus 
angiography was performed on 210 cases. 

As a result of this study the following conclusions 

were drawn: 

1. The heterogeneity of single lesions, and the 
occurrence of different types of lesion in a 
single eye or two eyes, prevented subdivision 
of the disease into distinct forms and sug- 
gested that inflammation alone was respon- 
sible for fundus lesions in onchocerciasis. 

2. Optic nerve disease, alone or in the presence 
of choroido-retinal changes, was responsible 
for a large proportion of the blindness due 
to posterior segment lesions in onchocerciasis 
(87:6 per cent in this series). 


We should like to thank Professor G. S. Nelson and 
Dr B. O. L. Duke fer helpful criticism, and we ack- 
nowledge the help of our assistants in the United 
Cameroon Republic, Mr 8. Ayonge and Mr C. Fisiy. 
We are particularly grateful to Dr Pauline O'Neill of 
the Department of Clinical Microbiology, Louis Jenner 
Laboratories, St 'lhomas's Hospital, London S5E:, 
Professor R. G. Huntsman in the Department of 
Pathologv, Lambeth Hospital, London SE:, and Dr 
S. Welch in the Department of Biochemistry, the 
London Hospital Medical College, London Er, for 
performing blood tests on specimens obtained during 
the study. 


Trans. roy. Soc. trop. Med. 


Trans. roy. Soc. trop. Med. Hyg., 52, 112 

Trans. Amer. ophthal. Soc., 45, 461 

Bull. méd. A.O.F., Num. Spéc. (Nov.), p. 113 
Ann. Oculist. ( Paris), x96, 1185 


, LE BRETON, G., AUBRY, M., VANDENDORPE, A., LAGRAULET, J, BUDDEN, F. H., BISLEY, G. G., and 


QUARCOOPOME, C. 0. (1958) Lancet, 2, 960 


20 British Journal of Ophthalmology 


, PFISTER, R., RIT, J.'M., and BRETEAU, G. (1957) Bull. Soc. Path. exot., 50, 314 

, RIT, J.'M., and LAGRAULET, J. (1958) Méd. trop., 18, 340 

, and UEMURA, K. (1960) Maroc. méd., 39, 460 

DUKE, B. O. L., and ANDERSON, J. (1972) Z. Tropenmed. Parasit., 23, 354 

FUGLSANG, H., and ANDERSON, J. (1974) J. Helminth., 48, 93 

GIAQUINTO MIRA, M. (1934) Rif. med., 12, 858 

HISSETTE, J. (1932) Ann. Soc. belge Méd. trop., 12, 433 

HOYT, W. F., FRISEN, L., and NEWMAN, N. M. (1973) Invest. Ophthal., 12, 814 

LAGRAULET, J. (1958) Bull. Soc. franç. Ophtal., 71, 266 

(1972) Israel J. med. Sci., 8, 1153 

-——, and MONJUSIAU, A. (1964) Bull. Soc. Path. exot., $7, 111 

MANN, I. (1937) ‘Developmental Abnormalities of the Eye’, fig. 105, Cambridge University Press, London 

METGE, P., CHOVET, M., CASENAVE, PH., and LOREAL, E. (1974) Méd. trop., 34,625 

MONJUSIAU, A., LAGRAULET, J., D'HAUSSY, R., and GOCKEL, C. W. (1965) Bull. Wld Hlth Org., 3a, 339 

NEUMANN, E., and GUNDERS, A. E. (1963) Amer. J. Ophthal., 56, 573 

, and (1973) bid., 75, 82 

PAUL, E. V., and ZIMMERMAN, L. E. (1970) Hum. Path., x, 581 

QUÉRÉ, M. A., BASSET, A., LARIVIÈRE, M., BASSET, M., and RAZAFINJATO, R. (1963) Bull. Soc. méd. Afr. noire 
Langue franç., 8, 1 

QUEVEDO, A. (1941) Amer. F. Ophthal., 24, 1185 

RIDLEY, H. (1945) Brit. J. Ophthal., Monogr. Suppl. 10 

RODGER, F. C. (1957) Ibid., 41, 544. 

(1960) Amer. J. Ophthal., 49,327 

SEMADINI, B. (1943) Schweix. med. Wschr., 73, 75 

SORSBY, A. (1939) Brit. J. Ophthal., 23, 433 

(1955) bid., 39, 257 

TOULANT, P., ROBINEAU, Q., and PUYELO, R. (1950) Bull. Soc. Path. exot., 43, 615 

VEDY, J., and SIROL, J. (1971)  Méd. trop., 31, 559 

WORLD HEALTH ORGANIZATION (1974) ‘Onchocerciasis-symptomatology, pathology, diagnosis’, ed. A. A. Buck, 
WHO, Geneva 

WEYTS, E. J. (1956) Docum. Med. geogr. trop. ( Amst.), 8, 29 


























Brit. Y. Ophthal. (1976) 60, 21 


Acquired arterial macroaneurysms of the retina 


RICHARD ALAN LEWIS, EDWARD W. D. NORTON, anon J. DONALD M. G ASS 
From the Bascom Palmer Eye Institute, Department of Ophthalmology, 
University of Miami School of Medicine, Miami, Florida 


Isolated aneurysms of the four principal divisions 
of the central retinal artery are found infrequently 
in older individuals. Robertson (1973) suggested 
the designation ‘macroaneurysm’ to distinguish 
these dilatations of the major arterial branches from 
the microaneurysms of the retinal capillary- 
venous plexus. These acquired macroaneurysms 
are usually unilateral and may be associated with 
intraretinal oedema, blood, and exudates, subre- 
tinal blood and exudation, and rarely, intravitreal 
haemorrhage which may obscure the aneurysm. 
Their genesis has been ascribed to hypertension 
(Robertson, 1973), arteriosclerosis (Robertson, 
1973; Ballantyne, 1937), ageing (Shults and Swan, 
1974), and various degenerative conditions (Doyne, 
1896; Raehlmann, 1902; Ashton and Langley, 
1951). 

The clinical and fluorescein angiographic findings 
in 15 cases of acquired arterial macroaneurysms of 
the retina and our experience with management 
(Table) are summarized in this report. The 
findings in an adult woman with an unusual pro- 
fusion of arterial aneurysms who may represent a 
variation of this phenomenon are presented separ- 
ately. Other known causes of aneurysmal dilatation 
such as Leber’s multiple miliarv aneurysms 
(Archer and Krill, 1971) or Coats's syndrome 
(Egerer, Tasman, and Tomer, 1974), and cavernous 
haemangioma of the retina (Lewis, Cohen, and 
Wise, 1975) are excluded from this review. 


Case report 
CASE I 


A 67-year-old white woman stated that, 2 months before 
her examination at the Bascom Palmer Eye Institute, 
she had noted an abrupt and persistent diminution of 
vision in the right eye associated with 'little fine circles 
of light’. The left eye was amblyopic because of stra- 
bismus in childhood. Although she was unaware of a 
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history of hypertension or diabetes mellitus, she had 
experienced transient ischaemic episodes for many 
years. 

The corrected visual acuity was 20/30 in the right eye 
and 20/100 in the left, which showed anomalous retinal 
correspondence. Intraocular pressure was 22 mm Hg in 
the right eye and 26 mm Hg in the left. Biomicroscopy 
showed subepithelial nodular and whorl-like opacities 
in each cornea. 

Ophthalmoscopy of the right eye revealed a localized 
intraretinal haemorrhage along a branch of the inferior 
temporal artery distal to its fourth bifurcation (Fig. 14). 
A yellowish-white plug was visible within the artery at 
that point and appeared to move to and fro synchro- 
nously with the carotid pulse. The lumen of the arterv 
proximal to the plug was narrow and markedly irregular. 
Surrounding the obstruction and haemorrhage was an 
incomplete ring of circinate deposits. Mild intraretinal 
oedema extended into the foveal area and there was a 
delicate hemimacular star temporally. The retina distal 
to the haemorrhage was otherwise normal. No additional 
evidence of arterial embolization was found but the 
calibre of other arteries was irregular, and tapering and 
deflexion of many arterio-venous crossings were evident. 
The optic disc had a normal hyperopic configuration 
and the visual field was normal. 

The vessels of the left fundus showed similar hyper- 
tensive changes. The left optic disc was irregularlv 
raised suggesting drusen formation, and a sector defect 
was demonstrated on visual field examination. 

Fluorescein angiography demonstrated normal transit 
of dye to the site of the plug in the right eye but marked 
delay of filling of the artery distally until the midvenous 
phase (Fig. 15). No retrograde flow in the artery was 
demonstrated but late in the study the vessel wall 
stained intensely at the point of obstruction. 

The patient's right brachial artery blood pressure was 
180/100 mm Hg. Ophthalmodynamometry was normal 
and similar in each eye. 


Course 

'The patient was started on antihypertensive medications. 
Six weeks later the haemorrhage had cleared and an 
aneurysmal dilatation of the artery was present at the 
site of the previous obstruction, Ten weeks after initial 
examination the visual acuity in the right eye had 
improved to 20/30. Fluorescein angiography showed 
that the aneurysm was bilobed, that there was no delay 
in the perfusion of the aneurysm or distal artery, that 
there was an avascular halo around the aneurysm, and 
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that the adjacent capillaries were slightly dilated (Fig. re). 
One year after presentation, a new fusiform aneurysm 


had developed at the next more proximal bifurcation of 


the artery to the original macroaneurysm, in an area 
which had not been involved by the plug either ophthal- 
moscopically or angiographically. 

Four years and 3 months after the initial examination 
the visual acuity in the right eye was 20/50. The original 
aneurysm was still patent and the aneurysm at the 
bifurcation had expanded to about five times the width 
of the vessel and had developed a small satellite along 
the smaller branch of the bifurcation (Fig. 14). 

One year later, although the visual acuity was un- 
changed, there was an increase in intraretinal exudate and 
oedema surrounding the large ancurysm at the bifurca- 





(1b) 
FIG. I 
a Case 1. Haemorrhage partially obscures distal inferior 


temporal artery of right eve at site of intraluminal 
plaque 


b Case 1. Fluorescein angiography on same day shores 
delayed perfusion beyond intravascular material. 
Subsequently, antegrade filling of artery ensued but 
arterial wall stained at site of obstruction 


c Case 1. Ten weeks later, angiography showed bilobed 
macroaneurysm at former site of plaque. No delayed 
perfusion or dye leakage seen. Note irregular calibre 
of feeding artery 


d Case 1. More than 4 years later, original aneurysm 
remains patent and new macroaneurysm at arterial 
bifurcation has enlarged and formed small satellite 
(arrow) 


e Case 1. One vear later, aneurysm at bifurcation has 
enlarged further. Dot haemorrhages scattered near 
macroaneurysm and another fusiform enlargement of 
artery appears proximal to arterio-venous crossing 
(arrow) 


tion, Fluorescein angiography demonstrated delayed 
flow into the smaller branch of the involved bifurcation, 
staining of the wall of the larger aneurysm and of the 
small branch artery, and late leakage into the oedematous 
retina from each area (Fig. 1e). The patient died one 
month later of a combined cerebrovascular accident and 
myocardial infarction. 


Comment 


The evolution and possible aetiology of the arterial 
macroaneurysms are documented in this hypertensive 
woman with intracranial vascular symptoms. 'The pro- 
cess began as an incomplete occlusion of a branch retinal 
artery; additional aneurysms developed in this damaged 








(1e) 


vessel. The occlusion was attributed to embolie material 
although the possibility of local vascular disease as a 
predisposing factor cannot be excluded. ‘The attenuated 
irregular lumen of the artery proximal to the obstruction 
and the permeability of its wall to fluorescein suggest 
damage to the vessel as the obstructing element travelled 
through it. The absence of visual field defect in the 
right eye is possibly explained by the incomplete 
closure of the artery which permitted perfusion of the 
retina sufficient to prevent ischaemic infarction. 


CASE 5 


A 49-year-old white woman had sudden blurring of 
vision in the right eye. Her ophthalmologist observed a 
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haemorrhage overlying an abnormal vessel in the right 
fundus and an anomalous loop of blood vessels asso- 
ciated with a localized area of exudate in the left eve. 
The patient was admitted to hospital for extensive 
investigation, including haematological and serological 
studies, liver function studies, glucose tolerance test, 
intravenous pvelography, electrocardiography and skull 
x rays. The only abnormality was labile systemic 
hvpertension, with a diastolic blood pressure ranging 
between go and 100 mm Hg. The past medical history 
was unremarkable. 


Ocular evaluation 


Three months after the onset of symptoms, the visual 
acuity was 20/40 in the right eye and 20/20 in the left 

Ophthalmoscopy of the right eye identified a macro- 
aneurysm along a small loop in the inferior temporal 
artery distal to its first bifurcation. The lesion was 
covered by superficial intraretinal haemorrhage and was 
surrounded by a broad zone of oedema and a dense ring 
of exudate which extended into the macula. A bright 
white plaque was located in the artery just proximal to 
the aneurysm (Fig. 2a). A widened and copper-wire 
light reflex was evident in most arteries in the fundus 
and the major arterio-venous crossings showed deflexion 
and concealment of the venous blood column. 

In the left eve a large aneurysm was located at the 
fourth bifurcation of the superior temporal artery (Fig. 
2b) and was surrounded by a small zone of retinal oedema 
and circinate material. A burnished light reflex, irregu- 
larities of arterial calibre, and banking and compression 
of arterio-venous crossings were present throughout the 
fundus. 

Fluorescein angiography of the right eye showed 
prompt and complete perfusion of the aneurysm and the 
entire retinal vasculature. The capillary-free zone around 
the aneurysm was widened and the adjacent micro- 
vasculature was moderately altered (Fig. 2c). Corres- 
ponding to the intraluminal plaque was a defect in the 
fluorescein column in the artery. The wall of the 
aneurysm stained with dye and subsequently leaked 
into the adjacent retina. Angiography of the left eye also 
demonstrated no evidence of arterial obstruction but 
some leakage of dve from the walls of the aneurysm 


Course 


The patient was started on antihypertensive medications 
Although the brachial artery blood pressure became 
normal during the next 2 months (140/76 mm Hg), 
the visual acuity of the right eye gradually deteriorated 
to 20/100 with increased circinate material in the macula, 
The walls of the aneurysm became thickened and grey, 
and the intra-arterial plaque remained. The arteria! 
segment distal to the aneurysm thinned to about one- 
third of its original diameter and its blood column was 
segmented and venous in colour. Fluorescein angiog- 
raphy dramatically displayed obstruction of arterial 
perfusion and retrograde filling of the distal artery 
from branch venous channels (Fig. 2d). The lesion in 
the left eye was unchanged. Visual field examination of 
the right eye showed a superior altitudinal depression 
within which was a dense scotoma corresponding with 
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Table 


Summary of cases with acquired retinal arterial macroaneurysms 





Treat- 
msnt* 


Medical history 


Lo MANN e A a nm ea E HN 


1o 


II 


12 


13 


14. 


15 


15 


64 


58 


82 


71 


59 


83 


69 


Female 


Male 


Female 


Female 


Male 


Female 


Male 


Male 


Female 


Male 


Female 


Female 


Female 


Male 


Black 


White 


White 


White 


White 


White 


Black 


White 


White 


White 


White 


White 


White 


White 


Right 
Right 
Left 

Right 


Right 
Right 
Right 


Left 


Left 


Right 


Right 


Right 


Right 


Right 


20/25 


20/25 


CF 
rsm 
20/40 
20/15 
20/402 
20/300 
20/302 


20/202 


20/40 


CF 
277m 


20/20> 


20/299 


20/200 


20/40 


20/30 


a 


History of transient 


ischaemic attacks for years 


Hypertension discovered at 
onset 

Severe uncontrolled hyper- 
tension for years 


Goitre, parathyroid adenoma, 


sarcoidosis 
30-year history of hyper- 
tension 


Chemical diabetes for 1 year 


Poorly controlled hyper- 
tension for decades 


Hypertension discovered 
at onset 


Normotensive 

Negative glucose tolerance 
test 

Hypertension for 13 years 

Angina pectoris for ro years 

Hypertension discovered at 
onset 

Diastolic hypertension at 
onset 

Hypertension discovered at 
onset 

4-year history of bilateral 
vitritis, uveitis, and 
cystoid macular oedema 

Mild hypertension at onset 

Adult diabetes mellitus for 
25 years 

Hypertension poorly con- 
trolled for 12 yeara 


Hypertension 
Adult diabetes mellitus for 
I year 


Hypertension poorly con- 
trolled for 13 years 

Hypercholesterolaemia 

Hypertension discovered at 
onset 

Spastic paraplegia after 


septic meningitis as youth 


Angina pectoris for 1o 
years 


Final visual acuity 


20/50 (s 2/12 yr) 

Died of combined 
myocardial infarction 
and stroke 

Lost to follow-up 

Died 4 yr later of stroke 


20/30 (2 5/12 yr) 


20/200 (3 yr after 
treatment) 

20/25 (2 2/12 yr after 
treatment) 

20/15 (no change, 2} yr) 

6/200 (3 yr after 
treatment) 


20/40 (5 yr after 
treatment) 

20/30 (2 10/12 yr after 
treatment) 

20/50 (3 yr after 
treatment) 


20/40 (2 yr) 


20/109 (lost to follow-up 
2/12 yr after 
treatment) ` 

20/30 (1 yr after 
treatment) 

Died after abdominal 
aortic aneurysm 

20/200 (5/12 yr after 
treatment) 

Died of combined myo- 
cardial infarction and 
stroke 

20/40 (1$ yr) 


20/25 (4/12 yr after 
treatment) 


20/40 (1 3/12 year) 


enm MEME — ——'e—— Py —— M—— € a € QM. RR, 


*A = Argon photocoagulation X = Xenon photocoagulation 


—— ce» No treatment 
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FIG. 2 a Case s. Macroaneurysm of inferior temporal artery of right eve surrounded by macular oedema and densi 
circinate ring. Bright white plaque located in artery proximal to macroaneurysm (arrore 

b Case s. Horse-shoe shaped macroaneurysm of superior temporal artery of left eve is associated sith small 

zone of retinal oedema and exudates. Note small fusiform enlargement of adjacent branch artery (arrow) 


e 


Case 5. Midvenous phase of fluorescein angiogram of right eve. Note defect in fluorescein column corresponding 
- ~ e d A ^ 


to bright plaque in Fig. 2a (white arrow), Disruption of laminar venous flow is present at arterio-venous 


crossing ( open arrow) 


d Case s. Two months later, late venous angiogram shows obstruction of arterial perfusion at macroaneurysin 


- 


and segmental retrograde filling of distal artery from venous tree. Macular oedema is more extensiv 


the aneurysm, and in the left eve a relative scotoma 
corresponding with that aneurysm. Because of the 
failing central vision in the right eye, 68 applications 
(100 (m spot size, o*1 s duration, 150—300 mW) of argon 
laser photocoagulation were applied to the aneurysm and 


to the area surrounding it. Seven weeks after treatment 
the visual acuity was 20/25 in the right eve, the aneurysm) 
had disappeared, and oedema and fatty deposits had 
begun to resorb, but 26 months after photocoagulation 
the visual acuity was unchanged, Nearly all the circinati 
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material in the right fundus had cleared, leaving a 
patchy area of depigmentation in the macula. Hypopig- 
mented scars and grey sheathing of the attenuated artery 
indicated the site of therapy. Apart from minor changes 
in the pattern of the circinate ring, the aneurysm of the 
left eye was unaltered. 


Comment 


The retinal vasculature in both eyes of this woman 
showed evidence of long-standing systemic hypertension. 
Proximal to the arterial macroaneurysms in the right eye 
was an intraluminal plaque. Although no additional 
fragment or embolus was seen at the site of the vascular 
anomaly, the aneurysm was well established at the 
time of our examination. Whether the existing plaque 
or factors within the aneurysm or the arterial wall 
precipitated the arterial occlusion is a matter for con- 
jecture. Photocoagulation promptly eliminated the 
aneurysm as the source of intraretinal oedema and 
central visual acuity improved. The macroaneurysm in 
the left eye was followed for 24 years with no important 
changes or effects upon vision. 


CASE 9 


A 51-year-old white man had a corrected visual acuity 
of 20/20 in each eye several months before he experi- 
enced the abrupt onset of a grey central scotoma in the 
right eye. About 3 weeks later, the visual acuity was 
20/200 in the right eye and 20/20 in the left. 

Temporal to the macula of the right eye a macro- 
aneurysm was situated at the fifth bifurcation of the 
inferior temporal artery. Distal to the aneurysm, the 
blood in the branch artery appeared desaturated. ‘The 
aneurysm was surrounded by a broad zone of thickened 
oedematous retina extending into the fovea and there 
were patches of yellow exudates in an incomplete ring 
pattern temporal and inferior to the aneurysm. The 
retinal arterial tree demonstrated an increased light 
reflex, moderate arterial tortuosity, irregular calibre, 
and arterio-venous compression. In the periphery at 
the 9 and 12 o'clock meridians were numerous sheathed 
vessels and intraretinal vascular changes suggestive of 
old branch retinal vein occlusions. 

The vessels of the left fundus were normal except for 
a copper-wire arterial light reflex and mild arterio- 
venous crossing defects. 

Fluorescein angiography revealed two slight fusiform 
enlargements of the feeding artery and delay of flow at 
the site of the macroaneurysm (Fig. 3a). Although the 
dye eventually perfused the arterial segment distal to 
the aneurysm, it halted again at the next major bifurca- 
tion (Fig. 35). Both the aneurysm and the considerable 
local intraretinal angiopathy leaked dye in the later 
phases of angiography. 


Course 


The patient's brachial artery blood pressure was 
150/95 mm Hg. Ophthalmodynamometry was normal 
and the same in each eye. Altogether 58 applications 
of argon laser photocoagulation (100 um spot, o-2 s dura- 





FIG. 3 


a Case 9. Fluorescein angiography at midvenous phase 
showed two fusiform enlargements of feeding artery 
(white arrow) and impediment of flow at macro- 
aneurysm (striped arrow ) 


b Case 9. Later in venous phase, an additional segment 
of artery perfuses, but flow halts at next bifurcation 


(arrow). Note microangiopathy in adjacent vascular 
bed 


tion, 300 mW) were directed at the aneurysm and to 
local zones of microangiopathy. Two months later the 
visual acuity in the right eye was 20/50, the aneurysm 
was obliterated, and the retinal oedema and exudate 
were much reduced. Angiography showed that the artery 
distal to the aneurysm was totally occluded. Ten months 


after photocoagulation, however, an arterial-arterial 
collateral diverted flow around the site of the occluded 
aneurysmal segment into the distal arterial segment. 
Three years after therapy the visual acuity was 20/50 
and no new lesions had appeared. 


Comment 


Although this patient had only borderline diastolic 


hypertension, there was evidence of hypertensive 
retinal vascular changes. Fluorescein angiography 


showed arterial occlusions although no intraluminal 
emboli were seen clinically. Photocoagulation quickly 
eliminated the source of macular oedema and improved 
visual acuity. 


CASE 16 


A 69-year-old white woman experienced ‘flashing 
lights’ and triangular floaters in her right eye for 2 
months before she consulted her ophthalmologist. 
She stated that the visual acuity in the right eye had 
never been as clear as that in the left. Although she had 
had angina pectoris for about ro years, she had no 
history of hypertension or medical problems other than 
bilateral mastectomies for fibrocystic disease. 

The visual acuity was 20/25 in the right eye (-0'75 
D sph., --3:25 D cyl., axis 120°) and 20/20 in the left 
eye (-- 1775 D sph.). Ophthalmoscopy of the right fundus 
showed numerous arterial macroaneurysms involving 
only the temporal retinal vasculature (Figs 4a, b). 
These varied from small fusiform enlargements of the 
arterial wall to irregular saccular swellings four or five 
times the diameter of the feeding vessel. None of the 
lesions was haemorrhagic although several large ones 
were surrounded by small zones of oedematous retina 
demonstrated by circinate deposits. One branch of the 
superior temporal artery with pipestem sheathing and 
irregular attenuation of its lumen became a ghost vessel 
more distally, and a resolving cotton-wool patch was 
noted in its distribution. No delay of perfusion was 
identified through any of the aneurysms during fluores- 
cein angiography. A cluster of tortuous collateral 
vessels rimmed one of the larger aneurysms (Fig. 4c). 
The left fundus was normal. 

The brachial artery blood pressure and the results of 
ophthalmodynamometry were normal and symmetrical. 

Fifteen months later, the corrected visual acuity was 
20/40 in the right eye. Central metamorphopsia and a 
paracentral scotoma were demonstrable in the right eye 
on an Amsler grid. At least 18 arterial aneurysms were 
visible on various branches of the temporal vasculature. 
No abnormalities of the nasal vessels were seen. Several 
of the aneurysms were well anterior to the equator and 
surrounded by circinate rings. Several aneurysms in the 
posterior pole were overlaid with recent haemorrhages. 
Some of the previously recognized aneurysms had 
enlarged considerably and others appeared in formerly 
normal areas (Fig. 4d). Mild cystoid macular oedema 
was noted. Fluorescein angiography dramatically showed 
the vascular malformations and mild leakage from 
multiple macroaneurysms. The left eye was normal. No 
treatment was instituted. 
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Comment 


This normotensive woman presents an exceptional 
number and distribution of arterial aneurysms without 
vascular anomalies. The condition does not resemble 
the syndrome of Leber's multiple miliary aneurysms 
and it may be incorrect to group this patient with the 
cases of acquired retinal arterial macroaneurysms 
described above. The findings are not therefore in- 
cluded in this summary. It is not known whether the 
lesions were solely acquired or influenced by unseen 
or congenital factors. 


Discussion 


Although aneurysms of the major arteries have 
been recognized in various retinal disorders for 
many decades (Doyne, 1896; Story and Benson, 
1883), the designation ‘macroaneurysm’ was applied 
recently to a specific acquired lesion by Robertson 
(1973) in his review of 13 cases. Six other cases have 
been reported more recently (Hudomel and Imre, 
1973; Shults and Swan, 1974). The average age at 
presentation of our patients was 66 vears (median 
67; range 49 to 83). Nine of our 15 patients were 
female, which confirms the reported prevalence of 
this condition in females. 'The relationship of this 
finding with the recognized predominance of 
intracranial aneurysms in women after the age of 
so years (Walsh and Hoyt, 1969) 1s obscure. 
Thirteen of our patients either had a history of 
systemic hypertension or hypertension was dis- 
covered at the time of consultation. Three of the 13 
also had diabetes mellitus of adult onset although none 
had clinically significant diabetic retinopathy. The 
association of severe hypertension with retinal arterial 
aneurysms appears to have been first reported by 
Fernandez (1920) in a 54-year-old man who died 4o 
days after presentation of a cerebral haemorrhage. 
Robertson (1973) emphasized the coexistence of 
hypertension with the retinal pathology. More 
than half of his patients had mild to severe hyper- 
tension. He also suggested that the occurrence of 
macroaneurysms was not necessarily an ominous 
prognostic sign, since two of his patients survived 
more than a decade after discovery of the lesion. 
However, four of our patients died between 9 
months and 5} years after presentation, one of a 
stroke, two of combined myocardial infarction 
and stroke, and one shortly after resection. of a 
symptomatic abdominal aortic aneurysm. While a 
retinal arterial macroaneurysm per se may not 
be prognostic of early death, it may herald the 
discovery of coexisting hypertension or other 
systemic vascular disease which could affect a 
patient’s life expectancy. At a minimum, therefore, 
we recommend measurement of the svstemic blood 
pressure during the investigation of patients with 
this lesion. Ophthalmodynamometry, on the other 
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FIG, 4 a Case 16. Several macroaneurysms (arrows) of temporal arteries of right eve with associated exudates 
b Case 16. Other macroaneurysms superotemporally ( schite arrows). One branch artery is sheathed and 


partially occluded (arrow, 


c Case 16. Angiography shows cluster of small tortuous collateral vessels around one of the macroaneurysms 


(arrow) 


d Case 16. Fifteen months later, several macroaneurysms have enlarged and some are obscured by blood 


(compare with Fig. 4a and b) 


hand, was not revealing in the patients tested. 

One patient (Case 5) had bilateral aneurysms. 
Among patients affected unilaterally, 11 (79 per 
cent) had the right eye involved. We cannot explain 
this prevalence, although it follows the trend in 
other series (Robertson, 1973; Shults and Swan, 
1974). All aneurysms were temporal to the optic 


disc and in 10 of 16 affected eyes, the lesions were 
superior to the horizontal raphe, including one 
patient (Case 6) with two aneurysms on a cilio- 
retinal artery. Macular oedema and circinate 
retinopathy were no more frequent with superior 
than with inferior malformations. 

Of 17 separate aneurysms in these 16 eyes, seven 





occurred at an arterial bifurcation and three more 
at a point of arterio-venous crossing, and in each 
of these there were intraluminal plaques in the 
same or adjacent branch arteries (Cases 3, 7, 14). 
Among the other seven aneurysms, four were 
accompanied by clinical or angiographic evidence 
of complete or incomplete arterial occlusion and 
another by a resolved branch retinal vein occlusion 
elsewhere in the same fundus. 'l'wo patients (Cases 
5, 8) had arcuate altitudinal field defects at presen- 
tation, suggesting a previous major arterial occlu- 
sion at the optic disc. 

Various factors have been implicated in the 
production of arterial aneurysms. Doyne (1896) 
attributed his findings to a ‘plugged beaded vessel’. 
Robertson (1973) considered ageing, hypertension, 
and generalized arteriosclerosis to be important 
considerations. Interestingly, one of his patients 
was described as having multiple cholesterol emboli 
proximal and distal to the aneurysm, and another 
had a branch arterial occlusion. 


Our observations on Case 1 suggest that arterial 
aneurysms may develop as a result of focal damage 
to the vascular wall. The patient presented with a 
bright intraluminal plaque and angiographic evi- 
dence of an incomplete arterial occlusion. The 
plaque was probably embolic in origin, although 
thrombosis from local vessel disease cannot be 
excluded. Subsequently she developed aneurysms 
both at the site of the plaque, at the next proximal 
bifurcation of the artery, and along its dichotomous 
branch in which an intraluminal plaque had also 
been seen. We believe that an injurv to the vessel 
wall could allow loss of its functional continuity and 
lead to the formation of an aneurysm. The fact that 
most aneurysms form at arterial bifurcations or at 
arterio-venous crossings may imply either more 
common sites of embolic impact or zones of intrin- 
sic vascular weakness. Similarly, the observation 
of intra-arterial plaques in six of 16 affected eves 
and the history and objective findings of vascular 
occlusions in nine patients further suggests a 
setting for vessel damage. One can speculate about 
the role of hypertension in predisposing or foment- 
ing aneurysms after such internal injury. Certainly 
the high incidence of documented systemic hyper- 
tension and hypertensive vascular changes in both 
affected and fellow eyes cannot be ignored. 

With the enhancement of fluorescein angiog- 
raphy, intraretinal microvascular abnormalities in 
the vicinity of aneurysm were recorded in about 
one-half of the aneurysms. These alterations 
included local widening of the periarterial or peri- 
aneurysmal capillary-free zone, dilatation of the 
adjacent capillary bed with small zones of capillary 
non-perfusion, capillary microaneurysms rimming 
the avascular zone around the aneurysm, and fine 
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intra-arterial collateral formation. In several patients 
we observed the evolution of these microvascular 
changes. Robertson comments on ‘abnorrnal dilata- 
tion or neovascularization within the area of serous 
fluid surrounding the macroaneurvsm’ in two of his 
patients, in one of whom the anomaly was appar- 
ently present before the development of the 
aneurysm. He speculated that chronic venous 
obstruction might influence their origin. Alterna- 
tively, these microvascular changes resemble the 
reorganization of small vessel networks which 
have been shown in experimental embolic arterial 
occlusions by Dollery, Henkind, Paterson, Ramalho, 
and Hill (1966), Henkind (1966), and Klein, 
Klein, Henkind, and Bellhorn (1971). It is con- 
ceivable that our observations represent a similar 
compensation of local blood flow, caused by either 
previous embolic matter or mechanical forces in 
the damaged or expanding arterial wall. 

The visual complication of acquired retinal 
artery aneurysms most commonly responsible for 
the patients’ complaints is macular oedema with 
circinate retinopathy. Two patients in our series 
presented with vitreous haemorrhage. Local intra- 
retinal haemorrhage at the site of the aneurvsm 
was noted in one-half of the affected eves during 
the period of observation but implied no predictive 
value of visual function or course. In all cases of 
macular oedema and other aneurysms with local 
oedema and fatty exudate, fluorescein angiography 
demonstrated staining of the aneurvsmal wall, sug- 
gesting defective integrity of the endothelium 
permitting dve leakage into the surrounding retina. 
Fluorescein also leaked from zones of microvascular 
abnormalities. 

Among the 16 eves comprising this survey, 
five eves were followed without therapy, and one 
patient was lost to ophthalmic observation after 
discovery of her lesion (Case 2). Three of the five 
patients observed without therapy had good and 
stable visual acuity in the affected eve for up to 5 
years after presentation, One patient spontaneously 
improved from 20/400 to 20/30 acuity in the 3 
months before consultation and remained at that 
level for 16 months. The fifth patient had chronic 
bilateral uveitis, vitritis, and cystoid macular 
oedema, and 20/50 vision in each eve. Because the 
macroaneurvsm did not appear to contribute 
tion was not considered. Six months later the 
visual acuity was unchanged in each eve. All 
untreated aneurvsms remained patent during the 
follow-up period. 

Five eyes were treated with xenon arc photo- 
coagulation. Although most of these patients were 
followed-up from 6 weeks to 7 months before treat- 
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unsatisfactory. Treatment resulted in visual im- 
provement of two or more lines of a Snellen chart 
in three of five eyes. One patient (Case 11) who had 
presented with vitreous haemorrhage and had 
evidence of an epiretinal membrane with macular 
traction from the aneurysm before treatment, was 
lost to follow-up 7 weeks after therapy with an 
unchanged visual acuity of 20/100. Another patient 
(Case 6) presented with a dense senile cataract and 
developed a cellophane membrane in the macula 
after treatment. 

Of five eyes treated with argon laser photocoagu- 
tion, three showed improvement of two lines or 
. more of Snellen acuity. One other patient developed 

& branch arterial occlusion distal to the area of 
treatment and pretreatment visual acuity of 20/200 
was unchanged nearly 3 years later. The other 
patient had a history of paracentral chorio-retinitis 
and retinal vascular occlusions. The visual acuity 
remained unchanged at 20/200 5 months after 
treatment. 

All treated aneurysms were obliterated both 
ophthalmoscopically and angiographically. Visual 
improvement was documented as early as 3 days 
and on average 6 to 8 weeks after photocoagula- 
tion. Our experience suggests that photocoagulation 
may speed visual improvement in patients with 
macular oedema and circinate retinopathy who 
have not improved spontaneously after 3 months 
of observation. Photocoagulation is probably indi- 
cated if the aneurysm increases in size and if 
further exudation results in failing visual acuity 
(Gass, 1972). However, additional experience with 
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photocoagulation is required to confirm these im- 
pressions. Macroaneurysms not affecting macular 
function probably do not need photocoagulation. 


Summary 


Fifteen patients with acquired arterial macro- 
aneurysms of the retina, and an additional woman 
patient with some 18 aneurysms of the temporal 
retinal arterial tree of one eye, are described. 
Acquired aneurysms occur in patients in their 
sixth decade and older, are usually unilateral, and 
occur on the major arterial branches posterior to 
the equator. Customarily only one or two aneurysms 
are present. Most patients have a history of poorly 
controlled systemic hypertension or a raised blood 
pressure at the time of discovery of the macro- 
aneurysm. Focal embolic damage to arterial walls 
should be considered in the investigation of these 
patients. In patients with decreased vision from 
macular oedema and circinate retinopathy, photo- 
coagulation of the macroaneurysm may hasten 
the improvement in visual acuity. 
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Angioid streaks and sickle haemoglobinopathies 


K. C. NAGPAL, G. ASDOURIAN, M. GOLDBAUM, D. APPLE, axp M. F. GOLDBERG 
From the Sickle Cell Eye Clinic of the University of Illinois Eve and Ear Infirmary, Chicago, knots 


Doyne (1889) described the clinical picture of 
angioid streaks. Groenblad (1929) reported the 
association of skin disease with angioid streaks. 
Strandberg (1929) carried out histopathological 
examinations of skin biopsies from Groenblad’s 
patients and proved the abnormality to be that of 
pseudoxanthoma elasticum. Subsequently, angioid 
streaks have been reported in association with 
several other diseases, such as Paget's disease 
(Paton, 1972), acromegaly (Holloway, 1927 ; Howard, 
1963; Paton, 1963), and Ehlers-Danlos syndrome 
(Green, Friedman-Kien, and Banfield, 1966). 

The association. of angioid streaks with sickle 
cell disease was first reported by Geeraets and 
Guerry (19603) who described an incidence of 
angioid streaks of 6 per cent in a selected popula- 
tion of sickle cell patients (five of 69 cases). Subse- 
quent reports have not substantiated such a high 
incidence of angioid streaks concomitant with 
sickle cell disease (Welch and Goldberg, 1966; 
Paton, 1972). Geeraets and Guerry (1960b) also 
reported elastic tissue degeneration in sickle cell 
patients and speculated whether intraocular and 
general elastic tissue degeneration in sickle cell 
disease represented a coincidental or true causative 
relationship. Skin biopsy studies in two sickle cell 
patients (Paton, 1972) failed to show any abnor- 
mality of elastic tissue. 

Since we had an opportunity to examine a large 
series of sickle cell patients, the purpose of this 
communication is to report the incidence of angioid 
streaks in various sickle haemoglobinopathies. It 1s 
also our intention to demonstrate that no other 
disease, such as pseudoxanthoma elasticum, Paget's 
disease, or acromegaly, was associated with angioid 
streaks in our sickle cell patients. Because others 
have found elastic tissue alterations in sickle cell 
patients, we examined the skin of all our patients, 
specifically looking for elastic tissue changes 
histopathologically. 

We also investigated the relationship between 
the severity of sickle cell retinopathy and the 
presence of angioid streaks. 


Address for reprints: Morton F. Goldberg, MD, University of 
Illinois, Eye and Ear Infirmary, 1855 W. Taylor Street, Chicago, 
Illinois 60612, USA i 


Clinical data and methods 


A total of 356 patients had been screened in the Sickle 
Cell Eye Clinic of the University of Ilhnois by May 
1975. The haemoglobin electrophoresis of these patients 
showed that 162 had sickle cell anaemia (Hb SS); 101 
sickle cell-haemoglobin C disease (Hb 5C); 49 sickle 
cell trait (Hb AS); 34 haemoglobin S-thalassaemia (Hb 
S-thal); eight haemoglobin AC; and two haemoglobin 
CC. 

Of these 356 patients five had angioid streaks and 
were investigated in «detail. Investigations included 
detailed physical examination and the following labora- 
tory determinations: Hb levels, Hb electrophoresis, 
serum calcium (normal so 4 0:5 mEqg/litre and phos- 
phate (normal 1:5-2:9 mEq/litre) levels, alkaline phos- 
phatase (normal 20-124 international units/ml), skull 
and pelvic x-ray films, and skin biopsy. Haematoxylin 
and eosin stain, Verhoeff-van Gieson stain for elastic 
tissue, and von Nossa stain for calcium deposition were 
done in all cases to rule out elastic tissue abnormalities. 

Ocular examination included visual acuity determi- 
nation in both eves and anterior segment examination 
with the slit lamp. A detailed fundus drawing with the 
binocular indirect ophthalmoscope, fundus photographs, 
and fluorescein angiography were carried out in aH 
cases. 


Case reports 


Case 1, a 42-year-old black woman with Hb 55, 
was first seen in November 1972. Her history included 
several episodes of sickle cell crises with episodic fever, 
joint pain, abdominal pain, and jaundice. She also had a 
history of mild systemic hypertension. Her blood 
pressure on systemic examination was 195/95 mm Hg. 

Visual acuity was 20/30 in both eyes. Slit-lamp 
examination revealed positive conjunctival sickling 
sign. The right fundus showed small angioid streaks 
sunbursts (chorio-retinal scars) at 12 and 2 o'clock 
in the retinal periphery. ‘The macula was not involved. 

'The left eye also showed peripapillary angioid streaks 
without involvement of the macula. An area of neovas- 
cularization at 1.30 o'clock in the equatorial region 
leaked dye on fluorescein angiography; argon laser 
photocoagulation successfully occluded the feeder 
vessels. 

Follow-up in August 1974 showed no change in 
angioid streaks or sickle retinopathy. Laboratory evalua- 
tion showed Hb level 9:6 g/100 ml; Hb 55 by electro- 
phoresis; serum calcium 48 mEqg/litre;; phosphate 
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2:6 mEq litre; alkaline phosphatase 67 units/ml. Skull 
and pelvic x-ray films were normal. Skin biopsy showed 
no evidence of subepithelial or dermal clastic tissue 
alterations. 


Case 2, a 46-year-old black man with Hb SC, was 
first seen in October 1971 with the diagnosis of vitreous 
haemorrhage in both eyes. His past history was unre- 
markable. Systemic exarnination was normal. 

Visual acuity was 20/50-2 in the right eve and 20/25 
in the left. Fundus examination revealed angioid 
streaks near the disc and a large patch of neovasculari- 
zation in the right eve at 10 o'clock with a small vitreous 
haemorrhage in the temporal equatorial zone. The left 
eve showed sea-fans at 9.30, 12, 1, and 3 o'clock and 
angioid streaks around the dise, 

Follow-up in September 1974 showed small angioid 
streaks in both eyes, which were confined to the peripa- 
pillary area; the maculae were not involved. 

Laboratory findings were as follows: Hb 10:2 g/100 
ml; Hb SC by electrophoresis; serum calcium 4-9 mEq 
litre; phosphate 2:1 mEq/litre; alkaline phosphatase 
34 units/ml. Skull and pelvic x-ray films showed findings 
consistent with sickle cell anaemia. Skin biopsy was 
normal. 


Case 3, a 36-year-old black man with Hb SS, was 
seen in July 1974 for sickle cell retinopathy. The patient 
had had a few sickle cell crises, urinary tract infection, 
renal vein thrombosis, and upper respiratory tract 
infection. General physical examination was normal. 

Visual acuity was 20/20 in both eves. Slit-lamp 
examination positive conjunctival 
sign. Fundus examination revealed prominent angioid 
streaks in both eves (Figs 1 and 2) radiating from the 
peripapillary region. The maculae were not involved. 
The retinal periphery. showed arteriolar occlusions 
typical of sickle cell disease. No neovascularization was 
seen. 

Laboratory findings were as follows: Hb 10:9 g/100 
ml; Hb SS by electrophoresis; serum calcium 4°9 
mq litre; phosphate 2-4 mEq/litre; alkaline phospha- 
tase 40 units ml, Skull and pelvic y-ray films were nor- 
mal; abdominal x-ray films revealed gallstones, Skin 


showed sickling 


biopsy showed no elastic tissue degencration. 


Case 4, a 47-year-old black man with known Hb 
S-thal, was first seen in May 1970 with the complaint 
of poor vision in the right eye. He had had several 
episodes of sickle cell crises for which he had received 
symptomatic treatment. 

Ocular examination showed visual acuity of percep- 
tion of light in the right eve and 20/20 in the left. 
Slit-lamp examination was unremarkable. Vitreous 
haemorrhage prevented fundus examination of the 
right eye. The left eve showed prominent wide angioid 
streaks radiating from the peripapillary region: the 
macula was not involved. 

Patches of neovascularization at 1 and 3 to 4 o'clock 
in the equatorial region of the left eye were photo- 
coagulated in 1971. 

A cataract was removed from the right eye in Sep- 
tember 1974. The retina showed extensive degeneration 





FIG. 1. Case 3, left eve. Fundus photograph showing 
angioid streaks 





Case 3. Fluorescein angiogram of same eve as 


FIG, 2 


in Fig. 1, showing hvperfluorescence of angioid streaks 


with retinal pigmentary changes and vascular occlu- 
sions in both the central and the peripheral area. The 
inferior retina not involving the macula was detached 
with vitreous traction and breaks in this area. White 
fibrous tissue was seen at 8 o'clock. There was no 
improvement in vision after cataract extraction. 
Laboratory findings were as follows: Hb 9:6 g/rco 
ml; Hb S-thal by electrophoresis; serum calcium 
5'1 mEq litre; phosphate 2:1 mEq litre; alkaline phos- 
phatase 26 units/ml. Skull and pelvic x-ray films sug- 
vested Paget's disease or metastatic carcinoma. Alkaline 
phosphatase levels were normal repeatedly. Systemic 
examination showed no evidence of malignancy. Skin 


biopsy was normal; no elastic tissue degeneration was 
found. 


Case 5, a 49-year-old black man with Hb 55, was 
first seen in January 1973. History showed that he had 
had several episodes of sickle cell crises and joint pain 
‘which had been treated symptomatically. 

Visual acuity of 20/30 in both eyes improved to 
20/20 with ~o-5D sph. in both eyes. Slit-lamp examina- 
tion showed positive conjunctival sickling sign. In both 
eyes fundus examination revealed asteroid hyalitis and 
small angioid streaks, particularly in the peripapillary 
region. The macular area was not involved with streaks, 
although there were multiple drusen of both maculae. 
The retinal periphery showed occluded retinal arterioles 
in both eyes, but no neovascularization. 

Follow-up in September 1974 showed no change in 
ocular status. Laboratory determinations showed Hb 
10:5 g/ roo ml; Hb SS by electrophoresis; serum calcium 
4'6 mEg/litre; phosphate 2:3 mEq/litre; alkaline phos- 
phatase 33 units/ml. Findings on skull and pelvic 
x-ray films were consistent with sickle cell anaemia. 
Skin biopsy demonstrated no evidence of elastic tissue 
degeneration. 


Discussion 


Although the association. of sickle cell haemoglo- 
binopathies with angioid streaks is well documented, 
the reported incidence has varied from 0:95 to 6 
per cent (Geeraets and Guerry, 1960a; Welch and 
Goldberg, 1966; Paton, 1972). These groups 
comprised a small number of patients. Since we 
examined a large number of patients, the occur- 
rence of five cases in 356 patients (1°4 per cent) 
may represent the truer incidence of angioid 
streaks in sickle cell haemoglobinopathies. These 
data are close to the incidence reported by Paton 
(1972) who documented 1-33 per cent incidence of 
angioid streaks in various sickle haemoglobino- 
pathies. The series described by Geeraets and 
Guerry (19603) gave a very high incidence of 
angioid streaks in relation to sickle cell disease, 
perhaps because of their selection of patients. The 
incidence of angioid streaks in our series may not 
be entirely accurate either, because of a certain 
degree of patient selection. 

Detailed investigations of our patients failed to 
show evidence of other diseases known to be asso- 
ciated with angioid streaks except in one case: the 
radiologist suspected Paget's disease or metastasis 
from a systemic malignancy in Case 4, but repeated 
serum alkaline phosphatase determinations and 
systemic examination were normal. Skin biopsy 
specimens, which were examined by an ophthalmic 
pathologist, a dermatologist, and a pathologist, 
revealed no evidence of elastic tissue degeneration. 
Moreover, we are not able to support the finding by 
Geeraets and Guerry (1960b) of widespread elastic 
tissue degeneration in sickle cell disease, which 
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might have been causally related to cracks in 
Bruch’s membrane. Our findings lend support to 
the contention of Paton (1972) that it is highly 
unlikely that an elastic tissue defect exists in 
addition to Hb abnormality. We are unable to 
confirm Paton’s hypothesis that chronic haemolysis 
results in deposition of iron in Bruch’s membrane, 
thereby rendering it more brittle and prone to crack ; 
however, this appears to be a more convincing 
generation. 

The presence of angioid streaks could not be 
related to the severity of retinopathy. Two patients 
with sickle cell anaemia and angioid streaks had 
very mild retinopathy, whereas two patients with 
Hb S-thal and one with Hb SC had peripheral 
retinal neovascularization and severe retinopathy. 
These observations on the severity of the prolifera- 
tive retinopathy agree with previous reports that 
retinal neovascularization is characteristic of certain 
varieties of sickle cell disease, particularly Hb 5C and 
Hb S-thal (Welch and Goldberg, 1966; Goldberg, 
1971a, b; Goldberg, Charache, and Acacio, 1971). 
Qur observations also support the earlier hypothesis 
(Goldberg, 1975) that visual disability. from the 
streaks is uncommon in patients with haemoglo- 
binopathy. None of our patients had haemorrhagic 
macular involvement by the streaks. 

An interesting observation that we are unable 
to explain is the age of patients reported by Geeraets 
and Guerry (19602), by us, and by Paton (1972). 
Al those described by  Geeraets and Guerry 
(1960a) were younger than 30 years, whereas 
those reported by Paton (1972) and all those with 
angioid streaks in our series were over 30 years old. 
In our series of patients there was a large number 
of paediatric patients, yet we did not see a single 
case of angioid streaks in that group. 


Summary 

Five patients had angioid streaks associated with 
sickle cell haemoglobinopathy. Other 
associated with angioid streaks were ruled out, as 
was elastic tissue degeneration in sickle cell patients. 
After studying over 350 patients, we believe the 
incidence of angioid streaks in sickle cell disease 
to be between 1 and 2 per cent. 
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Reticular tapeto-retinal dystrophy 
As a possible late stage of Sjogren’s reticular dystrophy 
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AND BRUCE BUSSE 


From the Department of Ophthalmology, University of Illinois Eve and Ear Infirmary, 


Chicago, Illinois 


Two patients with a reticular dystrophy of the 
retina were noted to have fundus changes reminis- 
cent of those reported in patients with Sjógren's 
reticular dystrophy. Our subjects were older than 
previously reported cases of Sjógren's dystrophy 
and manifested more extensive retinal abnormali- 
ties involving both the retinal pigment epithelium 
and photoreceptors. Similarities were noted both 
ophthalmoscopically and on fluorescein angi- 
ography. Reduced central visual acuity, abnormal 
findings on electroretinography, ophthalmoscopi- 
cally evident hypopigmentation, and probable 
atrophy of the retinal pigment epithelium were 
specific to the more advanced condition. 


Case reports 


Case 1, a 72-year-old white man, had a 6-year history 
of bilateral decrease in central vision and a slowly 
progressive loss of night vision over the past 10 years. 
The patient could not recall having been examined by 
an ophthalmologist before the onset of these symptoms. 
His father allegedly had had similar difficulties with 
both central and night vision which had begun when he 
was in his forties, although further details of his eye 
disease were not available. Other family members, 
including seven children, were said to be not as yet 
affected. The patient was unaware of cither Swedish or 
Dutch ancestors. 

When he was seen in September 1974, the patient's 
best corrected vision was 3/200 in the right eye and 
10/200 in the left, with correction + 1D sph. in the 
right eye and +1°25D sph. in the left. His general health 
was good. External and motility examinations were 
normal, both pupils reacted normally to direct and con- 
sensual light stimuli, slit-lamp examination of the 
anterior segments was normal, as was the intraocular 
pressure of 14 mm Hg in the right eye and 12 in the 
left. There was no increase in cellularity of the vitreous. 
The patient had 1 to 2+ bilateral nuclear sclerotic and 
anterior cortical changes in both lenses. Fundus exami- 
nation showed bilateral, midperipheral 360 reticular- 
appearing lesions (Fig. 1). Alternate areas of pigment 
epithelial hypopigmentation and hyperpigmentation 
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formed polygonal reticular units analogous to the 
meshes of a fishnet. Hyperpigmented ‘knobs’ were 
noted at the junction of individual polygonal units as 
in a net. Within each unit, extensive hypopigmentation 
of the retinal pigment epithelium and minimal atrophy 
of the choriocapillaris could be demonstrated by fluo- 
rescein angiography (Fig. 2). Fig. 2 also shows linear or 
sickle-shaped dark areas of hypofluorescence which 
correspond to zones of hyperpigmentation, Lesions in 
the posterior pole appeared more confluent and less 
hyperpigmented, no longer maintaining a reticular 
appearance as they approached the optic disc. Within 
the maculae were accumulations of moderately dense 
black clumps of retinal pigment epithelium (Pig. 3). 
The retinal vessels and optic discs were normal. Elec- 
troretinographic (ERG) responses were nondetectable 
in both eyes. Because of poor co-operation and a marked 
reduction in visual acuity, it was impossible to obtain 
reproducible visual fields, electro-oculogram (LOG), 
or dark-adaptation studies. The plasma ornithine level 
was normal (Simmell and Takki, 1973). 





Case 1. Late-stage fluorescein angiogram of 
peripheral lesions. Hypopigmentation of retinal pigment 
epithelium is demonstrated by hyperfluorescence within 
polygonal units (large arrows). Patchy choriocapillaris 
atrophy is demonstrated by retained visibility of large 
choroidal vessels within some polygonal units ( arrows 
Also seen are sickle-shaped areas of hypofluorescence 


maul 
FIG. 2 
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Case 2, a 63-year-old white woman, had a history of 
progressively failing central vision during the preceding 
decade and diminishing night vision of approximately 
12 years’ duration. Visual acuity, documented. else- 
where in 1972, was 20/20 in the right eve and 20/30 
in the left. At that time, the visual fields were noted to 
be constricted. Because of a fundus abnormality, her 
physicians considered the diagnosis of tapeto-retinal 
degeneration or gyrate atrophy of the choroid and 
retina. 
poor eyesight at the time of his death at the age of 85 
years. His ocular problems began at about the age of 
S5 years with night blindness and decreasing central 
vision. He was told by an ophthalmologist that he had a 
‘pigment dispersal’. The patient's elder brother also 
had markedly reduced vision at the time of his death at 
the age of 78 vears. However, he was a diabetic, and 
details of his eye disease were not available. Other 
members of the family, including six other siblings, 
were not similarly affected. Although her specific 
recollections were uncertain, the patient stated that she 
did have Dutch ancestors. 

When first examined by us in May 1973 the patient’s 
visual acuity was hand movements at 1 m with correction 
^3 D sph. in both eyes. External and motility examina- 
tions were unremarkable. Both pupils reacted briskly 
to direct and consensual light stimuli. Slit-lamp bio- 
microscopy of the anterior segments was normal, 
Early cortical and nuclear sclerotic changes were seen 
in both lenses. The vitreous was normal bilaterally. 
Ophthalmoscopic examination showed that the appear- 
ance of both eyes was virtually identical (Fig. 4). Both 
discs were normal, with a cup-disc ratio of o4. The 
retinal vessels appeared to be normal in calibre and 
course. There was a scattered mottling of the retinal 
pigment epithelium. within the macular region, espe- 
cially in the right eye (Fig. 5). The sensory retinal tissue 
in this region appeared thin on biomicroscopic exami- 
nation. Approximately 4 disc diameters temporal to the 
fovea and 1 disc diameter nasal to the disc, discrete 
reticular pigmentary changes began which extended 
anteriorly to the equator for 360°. This pattern became 
confluent and therefore indistinct at the posterior pole. 
As in Case 1, the reticular changes were formed by 
alternate areas of decreased and increased density of 
the retinal pigment epithelium. Areas of increased pig- 
ment density circumscribed zones of hypopigmentation 
creating a polygonal mosaic pattern. These areas were 
approximately one-half disc diameter in size (Fig. 6). 
Occasional scattered clumps of pigment were seen in 
the sensory retina. Fluorescein angiography demon- 
strated that choriocapillaris vessels were present in 
areas of clinically evident retinal pigment epithelial 
hypopigmentation (Fig. 7). Even within the posterior 
pole, where the reticular pattern was clinically less 
evident, dark areas of hypofluorescence were apparent 
where increased pigment density was still present 
(Fig. 8). No leakage of dye was noted from either the 
large retinal vessels or the foveal capillaries. Within 
discrete polygonal lesions, late fluorescein staining 
of the choroid and sclera both accentuated the reticular 
pattern of hypopigmentation and emphasized the 
presence of choriocapillaris vessels (Fig. 9). Visual 


fields measured on a Goldmann perimeter revealed a 13^ 
relative central scotoma bilaterally. Peripheral fields were 
irregularly constricted within 30^ to 2 isoptres (II -4e and 
IV-4e). An ERG revealed markedly subnormal photopic 
and scotopic responses in both eyes, The scotopic b-wave 
amplitude was only 50u.V in the right eye and 75 uV in 
the left after 20 min of dark adaptation. (Scotopic b-wave 
values for her age would normally be greater than 
275 to 300 uV in our laboratory.) An EOG showed 
light-peak to dark-trough ratios of 1-50 bilaterally. 
‘These ratios are significantly below 1-70, the lowest limit 
of normal tor the patient’s age group. Dark-adaptation 
studies were unsuccessful because of the patient's 
marked loss of central vision. A quantitative urine- 
analysis and plasma determination for amino-acids 
revealed a normal electrophoretic pattern with no 
increase in ornithine. 

The patient's only child, a 41-year-old son, was 
examined ophthalmoscopically and found to be normal. 
Findings on ERG, EOG, and fluorescein angiography 
were also normal. 


Discussion 


Previously reported diseases with reticular pig- 
mentary changes of the retina include Sjégren’s 
reticular dystrophy, Mesker's macroreticular dys- 


FIG. © Case 1. Reticular-appearing lesions in 
midpertphery of right eye. Numerous polygonal units: 
are formed by alternate areas of pigment epitheltal 
hypopigmentation and hyperpigmentation. Note 
knob-like formations at polygonal interfaces ( arrows) 


FIG. 3 Case 1. Posterior pole of right eye. Moderately 
dense clumps of retinal bigment are seen within macula. 
Also demonstrated are areas of retinal pigment epithelial 
hvpopigmentation. Disc and retinal vessels are normal 


FIG. 4 Case 2. Montage from right eye depicting 
mosaic of polygonal units formed by areas of retinal 
pigment epithelial hypopigmentation 


FIG. § Case 2, Pigment mottling within right macula. 
Optic disc and retinal vessels were normal for patient's 
age. Note areas of retinal pigment epithelial hypopig- 
mentation in perimacular regions (arrows) 


FIG. @ Case 2, Reticular changes in midperiphery. 

Als in Case 1, both areas of pigment epithelial hypopig- 
mentation (larger arrows) and hyperpigmentation 
(smaller arrows) are seen. Although less evident than tn 
Case 1, hnob-like formations at intersection of polvgonal 
units are seen 


FIG. YO. Posterior pole from a patient with Sjégren’s 
reticular dystrophy. Polygonal units formed by mesh of 
hyperpigmentation. Note knob-like formations at poly- 
gonal unit interfaces. Also seen is localized clump of 
dark retinal pigment within fovea (courtesy of Dr 
August Deutman) 
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FIG. 7 Case 2. Fluorescein angtogram from right eve. 
Hyperfluorescence (arrows) demonstrates anatomical 
integrity of choriocapillaris vessels within areas of 
clinically apparent retinal pigment epithelial hypopig- 
mentation 





FIG. 5 


Case 2. Late stage angiogram from right eve 
showing dark patches of hypofluorescence from areas of 
hyperpigmentation 


trophy, and gyrate atrophy of the choroid and 
retina. Sjógren (1950) first described a reticular 
dystrophy of the retinal pigment epithelium in 
eight of 13 children from a Swedish family. Bilateral 
fundus lesions consisted of a reticular network of 
black hyperpigmented lines covering most of 
the posterior pole. Pigmented knobs at the inter- 





Case 2. Late stage fluorescein angiogram from 
left eye demonstrating staining of choroid and sclera. 
Staining emphasizes presence of choriocapillaris 
vessels from which fluorescein dye diffuses 


FIG. Q 


section of the dark lines gave the fundus a fishnet 
appearance. The areas of irregularly-shaped open 
meshwork, between the hyperpigmented lesions, 
were approximately one-quarter to one-half disc 
diameter in size. These areas were not ophthal- 
moscopically atrophic. Pigmentary changes in the 
fovea began with a central black spot, surrounded 
by concentric rings of hyperpigmentation. A foveal 
light reflex was, however, present. The pigmentary 
changes were progressive, as the concentric rings 
of pigment expanded into an initially albinotic- 
appearing periphery. Visual acuities, peripheral 
helds, and colour vision were normal. Five of the 
children had deaf-mutism, and two had sphero- 
phakia (Holmgren, 1950). 

Similarly affected patients were reported in the 
Netherlands by Ten Doesschate (1965) and by 
Deutman and Rümke (1969) (Fig. 10). Visual 
acuity, peripheral fields, colour vision, ERG, and 
EOG were normal, Fluorescein angiography heigh- 
tened the characteristic mosaic pattern and demon- 
strated a normal choriocapillaris and larger choroi- 
dal vessels (Fig. r1). Deutman and Rümke con- 
cluded from fluorescein studies that the retinal 
pigment epithelium between the areas of obvious 
hyperpigmentation was defectively pigmented. 
In a later publication, Deutman (1971) emphasized 
that the areas of hvperpigmentation were deep to 
the sensorv retina, involving the retinal pigment 
epithelial layer. He also noted that the pigment 
accumulation tended to fade in later vears after 
spreading peripherally. Apparently, visual acuity 
diminished only slightly. Deutman concluded that 





Fluorescein angiogram of left eve from patient 
with Sjdgren’s reticular dystrophy. Regions of 
hyperfluorescence result from hypopigmentation of 
retinal pigment cells (courtesy of Dr Xugust 
Deutman) 


FIC, if 


the fundus abnormality was inherited as an auto- 
somal recessive trait. 

Mesker, Oosterhuis, and Delleman (1970) des- 
cribed similar-appearing fundus and fluorescein 
findings in three patients. A coarse reticular net- 
work of pigment bands was described in and around 
the macula of a 21-year-old woman. Areas of 
retinal pigment epithelium between the pigmented 
reticular bands were thought to show an abnormally 
intense fluorescence on angiography. The choroidal 
vessels appeared to be normal. The macular area 
contained some foveal pigmentation while the 
periphery appeared albinotic. Visual acuity was 
reduced in two cases and an ERG was subnormal 
in one patient. Primarily because of a slight differ- 
ence in pigmentary changes, subnormal ERG and 
a decrease in visual acuity, these authors felt that 
their Patients represented a different disease from 
that reported by Sjógren. They applied the term 
‘dystrophia macroreticularis laminae pigmentosae 
retinae’ to describe the disease in their patients. 

We feel that the similarities between Sjógren's 
(1950) dystrophy and that of Mesker and others 
(1970) strongly suggest they are the same genetic 
disease The latter reported older patients who 
may have been manifesting more advanced changes 
as noted by subnormal ERG amplitudes and 


diminished vision. Two patients (B and C) of 


Mesker and others (1970) were in their forties, 
while the oldest patient of Deutman and Rümke 
(1969) was only 14 years old, Those reported by 
Sjégren ranged in age from 8 to 33 years (mean 22). 
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Although one patient (A) of Mesker and others 
(1970) was first examined when aged 21 years, 
subnormal ERG values were not reported until 
the fifth decade, Patient B had vision and ERG 
recordings which we interpret as normal, although 
Mesker and others (1970) were not definitive in 
their statement of ERG findings having been ‘in 
accordance with degenerative lesions in the pos- 
terior pole’. 

Patients with gyrate atrophy of the choroid and 
retina present with a distinct fundus appearances 
(Kirstjens, 1965). Within the retina are sharply 
defined atrophic areas involving the retinal pig- 
ment epithelium, sensory retina, choriocapillaris, 
and larger choroidal vessels. Beginning in thi 
midperipherv, these atrophic areas progress cen- 
trally, initially sparing the macular region. The 
disc and retinal vessels generally remain normal 
Sporadic clumping of retinal pigment epithelium 
can also be noted. Most of these patients complain 
of night blindness, generally when they are in their 
‘teens or twenties, antedating any deterioration of 
central vision. Eventually, central acuity can be 
severely limited, accompanied by constricted peri- 
pheral fields or annular scotomas. ‘The ERG and 
EOG are frequently subnormal. Many affected 
patients have associated complicated cataracts at 
an early age (60 per cent) or high myopia (85 per 
cent) or both. The absence of both choriocapillaris 
and larger choroidal vessels within atrophic areas, 
in addition to the earlier onset of symptoms, dis- 
tinguishes patients with gyrate atrophy of the 
choroid and retina from our two cases. Addition- 
allv, plasma ornithine determinations were normal 
(Simmell and Takki, 1973). 

The history and ophthalmoscopic appearance of 
our patients show some similarities to those with 
the diagnosis of primary diffuse choroidal atrophy 
(Archer, Krill, and Newell, 1971). 
when they are in their thirties, these patients 


Generallv, 


present with either a decrease in visual acuity or, 
more frequently, poor night vision. In time, there 
is a relentless, bilateral loss of central vision and a 
progressive decrease in dark-adaptation function. 
The ophthalmoscopic appearance includes a dif- 
fuse atrophy of both the retinal pigment epithe- 
lium and choriocapillaris, rendering the larger 
choroidal vessels more prominent. The retinal 
vessels and optic disc are generally normal. Fluo- 
rescein angiography of a 49-year-old patient (Fig 
12) with primary choroidal atrophy showed the 
larger choroidal vessels to be more prominent in 
the regions of choriocapillaris atrophy. Late con- 
nective tissue staining of both the choroid and 
sclera is absent in those areas in which the chorio- 
capillaris is atrophic. Other areas in which the 
choriocapillaris is still present appear remarkably 
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FIG. 12 
with primary diffuse choroidal atrophy. Note areas of 
prominent larger choroidal vessels where choriocapillaris 
vessels are atrophic (smaller arrows). Normal chorto- 
capillaris vessels are seen as regions of hyperfluorescence 
(larger arrows) 


Fluorescein angiogram of right eve from patient 


similar to the fluorescein pattern noted in our 


patients. However, we feel that it is unlikely that 
our patients represent an early stage of choroidal 
atrophy in which the choriocapillaris is not yet 
atrophic. In our patients, the markedly abnormal 
ERG and visual acuity, and their ages attest to the 
advanced nature of the disease. Even at this ad- 
vanced stage, choriocapillaris vessels were demon- 
strable on fluorescein angiography. This feature 
facilitates the distinction between our patients 
and those with primary choroidal atrophy. 

The fundus abnormalities in our cases show 
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remarkable similarities to those reported in Sjö- 
gren's reticular dystrophy. Common to both groups 
are hyperpigmented interlacing polygonal lines 
which circumscribe areas of hypopigmented retinal 
pigment epithelium and show knob-like processes 
at points of intersection. Neither markedly dimin- 
ished vision nor diminished ERG amplitude was 
previously considered to occur in Sjögren’s reticular 
dystrophy. Our cases suggest that patients with 
this disease may eventually manifest secondary 
diffuse photoreceptor abnormalities. The retinal 
changes may therefore not be as benign as initially 
considered. 

Since we were unable to document the presenge 
or absence of typical early lesions of Sjógren's 
dvstrophv in either of our patients, we must accept 
the possibility that the reticular tapeto-retinal 
dystrophy described in this report is simply a 
phenocopy of Sjégren’s dystrophy. Until this 
uncertainty is resolved, we suggest a note of caution 
regarding the ultimate visual prognosis in Sjógren's 
reticular dystrophy. 


Summary 


Findings from two patients with a reticular tapeto- 
retinal dystrophy strongly suggested advanced 
stages of Sjégren’s reticular dystrophy. These 
observations emphasize that, although initiale- a 
benign advanced stages of Sjógren's 
dystrophy may eventually manifest diffuse photo- 
receptor and retinal pigment epithelial disease. 
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Vitreous opacities in primary amyloid disease 
A clinical, histochemical, and ultrastructural report 
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Severe loss of visual acuity due to vitreous opacities 
may result from haemorrhages, inflammatory and 
degenerative conditions, tumour cells, or amyloid— 
the last being rare (Duke-Elder, 1969; Jaffe, 1969). 
It is important, however, to recognize amyloid 
disease as being a cause of vitreous opacities, 
because most previously reported cases have been 
patients with familial amyloidosis, a systemic 
disease of protean manifestations with a poor 
prognosis. Sporadic cases of systemic amyloidosis 
with vitreous opacities have also been reported 
(see Table). 

Patients with systemic amyloid disease may 
initially present with visual symptoms due to 
vitreous opacities. These opacities usually have a 
characteristic appearance thus enabling the ophthal- 
mologist to suggest the correct diagnosis. 

The purpose of this paper is to report three 
patients of primary amyloid disease, who initially 
presented to the ophthalmologist with slow de- 
terioration of their visual acuity. The diagnosis 
was suggested by the appearance of the vitreous 
opacities and confirmed initially by conjunctival 
biopsy in two of the three cases and subsequently 
by histological examination of the vitreous in all 
three cases. To our knowledge, this is the first 
British report of vitreous opacities in primary 
amyloid disease. 


Case reports 
CASE I 


A 53-year-old Caucasian woman initially presented 
at another hospital in December 1970 with a history of 
progressive loss of visual acuity during seven years in 
her right and five years in her left eye. There was no 
history of systemic or ocular disease, nor were her 
visual symptoms precipitated by trauma. There was no 
relevant family history of ocular or systemic illness. At 
that hospital she underwent an extracapsular lens 
extraction and partial vitrectomy in her right eye. 

On examination at Moorfields Eye Hospital in Janu- 
ary 1971, her visual acuity in the right eye was percep- 


* Address for reprints: R. C. ‘Tripathi, MD, PhD, Institute of 
Ophthalmology, Judd Street, London WCrH 9Q5 


tion of light, and in the left eye hand movements, The 
right eve showed evidence of a broad iridectomy and an 
extracapsular lens extraction. The posterior vitreous 
was opaque. The left eve had a normal anterior segment 
with a clear lens. On the posterior lens surface there 
were multiple white circumscribed opacities in the form 
of 'pseudopodia lentis’; from each opacity an opaque 
strand could be traced posteriorly, through a region 
of clear vitreous, to enter a grevish-white meshwork of 
vitreous opacities (Figs 1 and 2). No view of the fundus 
could be obtained in either eve. 

The following investigations were carried out: chest 
vx ray, haemoglobin (Hb), white blood count (WBC), 
erythrocyte sedimentation. rate (ESR), electro-oculo- 
gram (FOG) and electroretinography (ERG)—all of 
which were within normal limits. Electrophoresis of 
serum proteins, however, revealed an elevated x, 
globulin, 

In January 1971, a right vitrectomy by the ‘open sky’ 
technique (Kasner, Miller, Taylor, Lever, and Norton, 
1968) was performed. Subsequent examination of the 
fundus failed to reveal any abnormality. One month 
later the retina totally detached and remained so, 
despite attempts at surgical management; the eve 
subsequently became  phthisical. In January rove, 
prophylactic encircling cryotherapy was carried out on 
the peripheral retina of the left eve. A diagnostic con- 
junctival biopsy was performed for histopathological 
and electron microscopical examination, In March 
1972, a left vitrectomy was performed, again using the 
‘open sky’ technique and the material was processed 
for light and electron microscopical examinations. 
Postoperatively, as far as the fundus could be seen, it 
appeared to be normal. However, it becarne obscured 
by an increase in the vitreous opacities during the next 
4-6 weeks and was followed by a gradual onset of 
bullous keratopathy. 

After ophthalmological examination and conjunctival 
biopsy, the patient was referred for a general medical 
examunation which revealed a peripheral neuropathy 
and carpal tunnel syndrome, attributable to systemic 
amyloid disease. 

It has not proved possible to examine other members 
of the family. 


CASE 2 


A 54-year-old Caucasian man presented with a to- 
year history of progressive bilateral loss of visual 
acuity. In September r971, he was admitted to another 
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FIG. 1 Case 1. Left eye. Artist's impression showing 
meshivork of linear vitreous opacities attached to 
posterior lens surface by footplates ( pseudopodia 
lentis) 





FIG. 2. Case t. Left eye. Slit-lamp photograph of lens focused 
attachments, pseudopodia lentis (arrow), of vitreous opacities 


hospital for investigation where his visual acuity was 
recorded as 6/24 right eye and counting fingers left; 
bilateral vitreous opacities were noted. Examination 
of the fundus in the right eye showed no abnormality, 
but the fundus could not be seen in the left eye. Neither 
he nor his family had any history of ocular or medical 
disease. Further loss of visual acuity occurred and he 
was transferred to Moorfields Eye Hospital in February 
1972. 

On examination, his visual acuity was 6/60 right eve, 
counting fingers left. His visual fields were full to 
à 10 mm white target, The ERG and EOG did not 
reveal any abnormality. Each anterior segment was 
normal. ‘The pupils were equal in size but with sluggish 
light and near reactions. The intraocular pressures were 
normal. The lens in each eve was clear but there were 
multiple circumscribed greyish-white opacities on the 
posterior surface of each lens (Figs 3 and 4) and from 
cach opacity an opaque fibril ran posteriorly, through a 
relatively clear zone, to join a meshwork of vitreous 
opacities. No view of either fundus was possible. 
Amyloid disease was suspected and although the con- 
junctiva appeared to be normal, a diagnostic conjunc- 
tival biopsy was performed. 

The patient was referred for a general medical 
examination which revealed a peripheral neuropathy, 





on posterior lens surface, demonstrating footplate 


orthostatic hypotension, and an abnormal sweating 
pattern. Biopsy of the left superficial radial nerve was 
performed which showed perineural deposits of amyloid 
together with degenerative changes in the nerve fibres. 
No abnormality, however, was detected on chest x-ray 
examination; blood analysis for Hb, WBC, ESR, and 
serum proteins was also normal. There was no Bence- 
Jones protein in the urine. 

In September 1972, the patient underwent prophy- 
lactic encircling peripheral retinal cryotherapy followed 
by an ‘open sky’ vitrectomy (Kasner and others, 1968) 
to the right eve 2 months later. The vitreous material 
thus being available was examined by light and electron 
microscopy. In July 1973 he underwent a 6:5 mm pene- 
trating keratoplasty for bullous keratopathy. Histo- 
pathological examination of the corneal disc revealed 
features of Fuchs's dystrophy but no deposits of amyloid. 

In September 1973 he developed renal failure and 
despite intensive care he died. Permission for necropsy 
examination was not given. 

It has not proved possible to examine other members 
of his family. 


CASE 3 


A 60-year-old Caucasian woman presented in 1967 
with a 12 month history of ‘cobwebs’ in front of both 
eyes, At that time she was being treated for low blood 
pressure. The features of her vitreous opacities have 
been reported elsewhere (Law, 1971). Neither she nor 
her family had any history of ocular or systemic disease. 

On examination, her visual acuity was 6/9 right eve 
and 6/6 left. The anterior segments and intraocular 
pressure were normal in each eye. The lens in each eye 
was clear. Multiple circumscribed white opacities were, 
however, present on the posterior surface of each lens 





FIG. 3 Case 2. Left eye. Artist's impression showing a 
meshivork of linear opacities attached to posterior lens 
surface by footplates (pseudopodia lentis) 
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Fic. 4 Case 2. Left eve. Macrophotograph showing 
wo ‘footplate’ vitreous opacities on posterior lens 


surface, each with linear vitreous opacities passing 
posteriorly into vitreous cavity 


and from these greyish-white fibrillar opacities extended 
posteriorly to join an extensive meshwork of opacities 
in the central vitreous (Fig. 5). No fundal abnormalits 
could be detected in either eye. 

Because of bilateral loss of visual acuity, several 
months later she attended another hospital and under- 
went bilateral vitrectomy; a diagnosis of amyloidosis of 
the vitreous was made 


Histopathology and ultrastructure 


Conjunctival biopsies (10 5 mm) were obtained 
from the lower fornix (Cases 1 and 2) under local 
amethocaine anaesthesia. The specimens were 
divided into two pieces; one piece of each specimen, 
intended for conventional light microscopy and 
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Case 3. Left eye. Artist's impression showing 
linear vitreous opacities attached to posterior lens 
surface by footplates ( pseudopodia lentis) 


FIG. 5 


histochemical studies, was fixed in formol saline 
and embedded in paraffin wax; sections were 
stained with haematoxylin and eosin, congo red, 
periodic acid-Schiff, crystal violet, toluidine blue, 
and thioflavine T. The other piece of each specimen 
was fixed in veronal acetate buffered osmium 
tetroxide, dehydrated through ascending grades of 
ethanol, and was finally embedded in Araldite. 
Sections were cut with glass knives on a LKB 
ultramicrotome; semi-thick sections (1 um) were 
stained with toluidine blue for block orientation 
and examination by light microscopy. Thin sec- 
tions (70-90 nm) were stained with uranyl! acetate 
(alcoholic or aqueous) and aqueous lead citrate, 
and electron micrographs were taken using AEI 
EMO and Joel rooC electron microscopes. 

Similarly, vitreous specimens taken at the time 
of vitrectomy from both cases, were processed for 
conventional histological examination and electron 
microscopy. Some vitreous material was also spread 
directly on glass slides as a smear and this was 
stained with haematoxylin and eosin, congo red, 
crystal violet, and thioflavine T. 

The lens from Case r was fixed in formol saline, 
embedded in celloidine and sections were stained 
for light microscopy as described for the conjunc- 
tival specimens. The posterior half of the lens from 
Case 2 was dissected out, and the tissue blocks 
were fixed in osmium tetroxide and processed for 
electron microscopy. 


CONJUNCTIVA 
Light microscopy and histochemistry 


An amorphous, eosinophilic, hyaline extracellular 
material was seen around the vessels, particularly 


around the veins and lymphatics (Fig. 6). In Case 2, 
the deposits were also seen immediately beneath 
the conjunctival epithelium. The deposits stained 
positively with periodic acid-Schiff and congo red, 
metachromatically with crystal violet, and khaki 
colour with van Gieson; to some extent they were 
autofluorescent but this was greatly enhanced 
after staining with thioflavine T (Fig. 7). When 
viewed by polarized light, the congo red positive 
material showed birefringency and green dichroism, 
These histochemical findings are characteristic of 
amyloid (Missmahl, 1957; Vassar and Culling, 
1959; Puchtler, Sweat, and Levene, 1962; Cooper, 
1969; Pearse, 1972; and others). 


Ultrastructure 


Electron microscopy generally confirmed the loca- 
tion of the amyloid material seen by light micro- 
scopy (Figs § and 9). The deposits were variably 
sized clumps of fine, interlacing, non-branching 
fibrils. In uranyl acetate and lead citrate stained 
sections, the individual fibrils were 7-10 nm in 
diameter; longitudinally-cut fibrils showed two 
laterally-aligned filaments approximately 3 nm in 
diameter with an intervening space of approxi- 
mately 3 nm. The filaments had a beaded appear- 
ance repeating at approximately 4 nm. These 
features are consistent with the electron micro- 
scopical appearance of amvloid (Boeré, Ruinen, and 
Scholten, 1965; Shirahama and Cohen, 1965, 1967; 
Gueft, Kikkawa, and Hirschl, 1968; Sorenson and 
Finke, 1968; and others). The ground substance 
was relatively electron lucent. 

In Case 2 wherein subepithelial deposits were 
seen, the basement membrane was intact and there 
was no infiltration of the amyloid material into the 
epithelium, 


VITREOUS 
Light microscopy and histochemistry 


Smears and sections of the vitreous from Cases 
1 and 2 showed fine and coarse meshworks which 
stained positively with periodic acid-Schiff and 
congo red, and metachromatically with crystal 
violet. Under polarized light, haematoxylin and 
eosin sections showed birefringency and congo red 
stained sections additionally showed a green dich- 
roism (Figs toa and b). The vitreous material from 
Case 3 was also reported as showing histochemical 
features of amyloid deposits. 


Ultrastructure 


Thin sections of the vitreous opacities from Cases 
1 and 2 stained with uranyl acetate and lead citrate 
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FIG. 6 (top) Light photomicrograph of conjunctival biopsy from Case 1 showing clumps of amorphous deposits arouna 
vessels. X 660 


FIG. 7 (bottom) Light photomicrograph of conjunctival biopsy from Case 2. Section was stained with thioflavine T and 
viewed by ultraviolet light. Intensely fluorescent deposits are seen beneath conjunctival epithelium (Ep) and around 
blood vessels and lymphatics in conjunctival stroma. * 220 
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showed the predominantly fibrillar nature of the 
material (Fig. 11). The detailed morphology of 
the individual fibrils was similar to that described 
for the conjunctival deposits. No cells were seen 
in the sections examined. 


LENS 

Light microscopy of Case 1 showed a smooth 
posterior lens surface and the capsule appeared 
to be normal. Similarly, semi-thin Araldite sections 
of the lens from Case 2 showed a smooth posterior 
lens surface; there was no evidence of the remains 
of attachment of pseudopodia lentis seen clinically. 


Discussion 

A summary of cases with systemic amyloid disease 
and vitreous opacities reported in the literature 
is set out in the Table. Some cases have appeared 
in more than one report; we have included only 
the most recent report to allow a better apprecia- 
tion of the long-term history of the disease. Most 
were proved cases of heredo-familial amyloidosis. 
A peripheral neuropathy was a common feature in 
affected families, but the incidence of vitreous 
opacities was reported less frequently. 

Previously reported cases usuallv had a long 
history of visual loss before the correct diagnosis 
had been established (Table) and indeed in one 
case, there was no evidence of systemic disease 
at the time vitreous opacities were first noticed 
(Kaufman and Thomas, 1959). Thus visual 
symptomatology could be the reason for initial 
presentation, as is also apparent from our patients. 
Loss of visual acuity in both eyes may not, how- 
ever, be of equal duration and in a few reports, 
one eye was apparently normal at first examination 
(Schlesinger, Duggins, and Masucci, 1962; Anders- 
son and Kassman, 1968). 

The vitreous opacities characteristically had a 
linear structure, descriptions of 'sheet like', or 
‘band like’ opacities being common (see Table), 
In those cases where the fundus could be seen, 
opacities were said to be in contact with the retina 
and retinal vessels through footplates (Falls, 
Jackson, Carey, Rukavina, and Block, 1:955; 
Wong and MacFarlane, 1967). Similar footplates 
were seen in the anterior vitreous in contact with 
the posterior lens surface (Falls and others, 1955; 
Kaufman and Thomas, 1959). Vitreous opacities in 
contact with the posterior lens surface were noted in 
two cases described by Vogt (1942) although 
he did not suggest amyloidosis as being a cause; 
one of the patients had ‘chronic tuberculosis’. The 
development of opacities in a previously clear 
vitreous was noted in one case (Andersson and 
Kassman, 1968), while a marked increase in the 
density of the opacities together with a reduction 


in visual acuity has been reported by several 
authors (Duke and Paton, 1965; Andersson and 
Kassman, 1968). 

The clinical features of previously published 
cases are similar, suggesting that slowly progres- 
sive visual deterioration apparently caused by 
linear vitreous opacities with footplate attachments 
to the retina or posterior lens surface are diagnostic 
of amyloid disease. 

Vitreous opacities in amyloid disease must not 
be confused with those resulting from more 
common causes—haemorrhage, inflammation, de- 
generation, or neoplasms. Opacities associated with 
amyloid disease may be uniocular, or asymmetric 
in the involvement of the two eyes. In addition, 
examination of the apparently normal eve has 
revealed perivascular greyish opacities on the 
retinal vessels (Schlesinger and others, 1962). 

Pupillary abnormalities were a common ocular 
complication in many patients with vitreous opaci- 
ties. The abnormalities were anisocoria, and the 
failure to react to light and accommodation. In 
addition a few cases had perivascular exudates; 
one was a histologically confirmed case of amyloid 
(Wong and MacFarlane, 1967), but another, of 
similar appearance, turned out to be a cytoid body 
(Crawford, 1967). 

The diagnosis of systemic amyloidosis is usually 
confirmed by biopsy; skin, gingiva, rectum, liver, 
kidney, spleen, respiratory tract, and sternal punc- 
ture have all been used (Cohen, 1967). Ease of 
access and haemostasis have made the gingiva 
and rectum the two main sites. Positive biopsies 
for amyloid were obtained in 31 of 32 cases of 
systemic amyloidosis (Missmahl, 1968). The con- 
junctiva has not been considered a suitable site, 
perhaps because it retains normal appearance in 
systemic amyloidosis (Duke-Elder, 1965; Brown- 
stein, Elliott, and Helwig, 1970). The positive 
conjunctival biopsies obtained in Cases 1 and 2, 
despite a normal clinical appearance of the con- 
junctiva, suggests that microscopic deposition of 
amyloid could frequently occur. The conjunctiva 
should be considered as a biopsy site for diagnostic 
confirmation of systemic amyloid disease (Tripathi 
and Ashton, 1976). 

The origin of amyloid material in the body is not 
clear. Amyloid comprises three types of protein 
complexes, types A, B, and possibly C (Benditt, 
Erikson, Hermodson, and Ericsson, 1971). Type 
A is found in a perireticulin distribution, secondary 
to chronic sepsis or an inborn error of metabolism. 
Type B is mainly found in a pericollagen distribu- 
tion secondary to myelomatosis and other para- 
protein disorders, while Type C occurs with 
amyloid formed locally with certain tumours. 
Familial amyloid may involve either Type A or 


Type B (Hobbs, 1973). 
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ric. 8 Electron micrograph showing clumps of fine fibrillar deposits of amyloid (Am) benvath conjunctti il 
epithelium (Ep). BM, intact bassment membrane beneath conjunctival epithelium. N, nerve axon in conjunctiva: 
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FIG. 9 Electron micrograph showin 


Recent work on sequential amino-acid analysis 
suggests that amyloid-B is derived from part of a 
circulating immunoglobulin protein, itself derived 
from plasma cells (Glenner, Harbough, Ohms, 
Harada, and Cuetracas, 1970; Glenner, ‘Terry, 
Harada, Isersky, and Page, 1971; Glenner, Terry, 
and Isersky, 1973). In the case of occult or overt 
plasma cell dyscrasias, this protein appears to be the 
variable front-half of a light chain (the variable light 
portion) of an immunoglobulin. It has been sug- 
gested that phagocytic cells ingest this circulating 
protein and deposit amyloid fibrils (Glenner and 
others, 1973). In one series, 33 out of 40 patients 
with ‘primary amyloid’ were found to have malig- 
nant lymphoreticular disease (Hobbs, 1973). 

Amyloid A protein has amino-acid sequences 
which are different from known immunoglobulin 
sequences, Neither their origin nor their precursor, 
however, is known (Hobbs, 1973). 

The site of deposition of amyloid fibrils may 
depend on three main factors (Glenner and others, 
1973). First, it depends on local variations in the 
rate of formation of the fibril precursor and its 
removal. Secondly, it depends on the nature of this 
precursor—for example, small molecules could 
penetrate capillary walls while larger ones pre- 
cipitate in capillary lumens. In addition, its precursor 
may have relative tissue affinity (Ossermann, 
Takatsuku, and Talal, 1964). Thirdly, there may be 
a special relationship between the precursor syn- 
thesizing cell and the amyloid producing cell. The 
plasma cells producing a circulating precursor 
would give rise to systemic amyloid, while a 
localized plasma cell alone with adjacent histiocytes 
might produce localized amyloid deposits. 

Systemic amyloid deposits secondary to an 
inflammatory process can resolve following removal 
of this process (Lowenstein and Gallo, 1970; 
Hobbs, 1973). In primary amyloid disease the 
turnover rate would appear to be very slow, allow- 
ing accumulation of masses of amyloid material. 
Intravitreal amyloid deposits could occur after 
permeation of the precursor across the blood- 
aqueous barrier, to be converted possibly by intra- 
vitreal phagocytes into amyloid fibrils. The linear 
deposition of amyloid material may result from 
initial deposition around pre-existing collagen 
fibrils in the vitreous cavity. 

The question arises why only a proportion of 
patients with systemic amyloid disease develop 
vitreous opacities. This may be due to one of 
several factors. All patients may develop opacities 
in time or, since the disease has a poor prognosis, 
the patient may succumb from renal or cardiac 
complications before ophthalmic complications be- 
come manifest. There may be variations in the 
chemical composition of the amyloid protein or in 
its circulating precursor from case to case. Finally, 
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local factors, such as the state of the intravitreal 
collagen framework, or the presence of phagocytic 
cells in the vitreous cavity, may also play an im- 
portant role. 

There is no known treatment for primary amy- 
loid disease. Possible therapeutic attacks could be 
against the precursor secreting cell, the circulating 
immunoglobulin, or the amyloid material (Glenner 
and others, 1973). Cases where plasma cell abnor- 
malities can be demonstrated could be attacked 
with immunosuppressive drugs and this has been 
tried with variable results (Missmahl, 1965; 
Barth, Willerson, Waldmann, and Decker, 1:969; 
Jones, Hilton, and Hobbs, 1972). Immuno- 
absorbents against the circulating immunoglobulin 
are a possibility (Glenner and others, 1973). The 
mobilization of amyloid deposits that occurs after 
removal of the stimulus shows that the fibril 
deposition is not irreversible, and a possible method 
of attack has been suggested by the demonstration 
that phagocytosis of amyloid fibrils occurred after 
treatment of the fibrils with specific antisera 
(Zucker-Franklin, 1970). 

Finally, the direct surgical approach has been 
tried, and there have been several reports of vitrec- 
tomy (Duke and Paton, 1965; Kasner and others, 
1968). Our experience in Case 1 suggested that 
despite removal of amyloid material, the opacities 
returned after several months: thus removal of 
opacities is not equivalent to cure; in any case 
these patients have a poor prognosis as is apparent 
from many reported cases, and this fact must be 
borne in mind when contemplating major ophthal- 
mic surgery. 


Summary 

Three patients who initially presented to the 
ophthalmologist with a history of gradual deteriora- 
tion of visual acuity showed, on biomicroscopic 
examination, a linear meshwork of opacities in the 
vitreous attached to the posterior surface of the 
lens in the form of pseudopodia lentis. Amyloidosis 
of the vitreous associated with systemic amyloid 
disease was diagnosed because of the characteristic 
nature of the opacities. This was confirmed initially 
in two of the cases by light and electron micro- 
scopical examination of a biopsy of the clinically 
normal conjunctiva, subsequently by systemic 
investigations, and finally, by direct histochemical 
and elecron microscopical examination of the 
vitreous which became available after vitrectomy in 
all three cases. It was not possible to examine other 
members of the families. The relevant literature on 
vitreous amyloidosis is reviewed 1n relation to our 
own findings and the importance of a diagnostic con- 
junctival biopsy is emphasized. This paper is the 
first British report on primary vitreous amyloidosis. 
The pathogenesis of vitreous amyloid opacities is 
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FIG. 10 Light photomicrograph of vitreous smear stained with congo red ; (a, top) viewed by ordinary light and 
(b, bottom) viewed by polarized light which reveals green dichroism and birefringent nature of the material. « 200 
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FIG. 11. Electron micrograph of the vitreous deposits showing fine fibrillar nature of amyloid material. 
UA and LC x 50090. 


Inset: Amyloid fibrils at higher magnification. Individual fibrils have beaded profile and appear to be composed of 
two laterally-aligned filaments (arrows). UA and LC * 140 000 
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discussed in the light of current concepts of amy- 
loidosis. Since the vitreous opacities due to amyloid 
deposits appear to be one of the manifestations of 


systemic amyloid disease, surgical removal of the - 


opacities by vitrectomy may not produce long- 
lasting results. Moreover, in contemplating surgical 
treatment the ophthalmologist should bear in mind 
the poor prognosis of systemic amyloidosis. 
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Treatment of Behcet’s disease with chlorambucil 


DIM. TRICOULIS 


From the Ophthalmological Department of the Greek Church's General Hospital, Athens, Greece 


Behcet’s disease is more common and widespread 
than was previously thought, especially in the 
Middle East, the Mediterranean countries, and 
Japan (Abdalla and Bahgat, 1973). Loss of visual 
acuity 1s one of the most frequent, as well as the 
most serious, of its varied manifestations. Total 
blindness is often inevitable and the rate of deterio- 
ration of sight may be used as a criterion for assess- 
ing the effectiveness of any treatment (Mamo, 
1970). 

Various kinds of treatment have been tried, but 
with disappointing results. Corticosteroid therapy 
usually gives transient improvement, but does not 
modify the relentless course of the disease nor its 
final outcome. Heavy doses of corticosteroids have 
only a mild delaying effect upon the onset of blind- 
ness (Mamo and Azzam, 1970). Interest was there- 
fore aroused by reports of improvement after 
therapy with immunosuppressive drugs, especially 
chlorambucil (Abdalla and Bahgat, 1973; Buckley 
and Gills, 1969; Francois and Van Oye, 1973; 
Godfrey, Epstein, O’Connor, Kimura, Hogan, and 
Nozik, 1974; Mamo and Azzam, 1970; Pezzi, 1972; 
Rosselet, Saudan, and Zenklusen, 1968; Smulders 
and Oosterhuis, 1975; Wong, 1969). 


Material and methods 


Five patients with Behget's disease were followed-up 
during a period of 2 years. Each patient showed at 
least the triad of uveitis, genital and oral lesions. 
Table I shows the main clinical findings before treat- 
ment was started; Table II summarizes their ocular 
findings. All the patients were receiving systemic 
steroids and some were also having subconjunctival or 
retrobulbar injections of 40 mg methylprednisolone 
(Depot Medrol) and atropine drops locally. In spite of 
such treatment recurrences of symptoms became more 
frequent and vision gradually deteriorated. 

Three daily doses of chlorambucil (Leukeran) 6 to 
8 mg were taken after meals for 3 months and for a 
further 3 months 6 mg were given on alternate days 
(Perkins, 1974). In the meantime the corticosteroids 
were gtadually discontinued. The patients were seen 
weekly for 2 months and then monthly. White blood 
cell and platelet counts were made weekly. If the total 
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white cell count falls below 3:3oo/mm? or the platelet 
count below 100:000/mm? the drug should be discon- 
tinued. In none of our patients was this necessary, 

Two of the patients (Cases r and 3) had previously 
been treated with azathioprine for 6 months without 
anv effect. 


Results 


In all patients there was a remission of the ocular lesions 
and other manifestations of the disease. This remission 
started within a few weeks of the addition of chloram- 
bucil to the treatment. In all patients it was possible 
to reduce gradually and to stop completely the regimen 
of orally-administered corticosteroids 2 months after 
starting chlorambucil. The regimen of atropine and 
corticosteroid drops or injections locally was also dis- 
continued 2 to 3 weeks after starting therapy with 
chlorambucil. 

In all cases the uveitis quietened down and the flare 
and cells in the anterior chamber disappeared. Remis- 
sion was obtained in all cases of posterior uveitis and 
neuroretinitis. The vascular sheathing of the retina 
remained stationary, and no further ocular damage was 
recorded. In none of our patients did vision deteriorate 
even in the two who were followed-up for 2 years. In 
some the visual acuity improved (Tables IH and IV). 

In two patients (Cases 1 and 2) there were mild 
recurrences of posterior uveitis 8 to 10 months after the 
treatment with chlorambucil had stopped, but the in- 
flammation soon disappeared with a small dose of 
corticosteroids and another chlorambucil regimen for 
3 months. All patients showed a definite improvement of 
aphthous oral lesions, skin lesions, thrombophlebitis, 
and other manifestations, There were occasional re- 
currences of mucocutaneous lesions in some cases, 
but these were milder and less numerous than before 
treatment with chlorambucil, 

The drug was well tolerated in all patients except 
one who complained of a mild epigastric burning 
and fatigue. 


Discussion 


Cytotoxic drugs are administered in inflammatory 
disease of uncertain cause because of their immuno- 
suppressive properties. These drugs interrupt 
nucleic acid and protein synthesis, thereby inhibit- 
ing various immune responses at different stages 
(Steinberg, Plotz, Wolff, Wong, Agus, and Decker, 
1972). The chemotherapeutic activity of chloram- 
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Table I Clinical findings 











Duration CNS 
Case Sex Age of disease Ocular Oral Scrotal Erythema Thrombo- Arthro- involve- 
no (yr) (mth) findings ulcers lesions nodosum phlebitis pathy meni 
I Male 4r 78 + + + + + + me 5 
2 Male 38 71 + + a 4 F T t 
3 Male 49 82 d + + = = = + 
4 Male 29 62 + "d em + s T = 
5 Male 28 26 T + + = = = dá 
Table II Main ocular findings before treatment 
Iridocyclitis 
Posterior 
Case Eye With Without Posterior subcapsular Neuro- Vascular Retinal Visual- 
no hypopyon hypopyon uveitis cataract retinitis sheathing haemorrhages acuity 
I Right — — T T + + + + o'I 
Left - T T = F + m o4 
2, Right -~ + T T t + + o2 
Left - + + = T + T o6 
3 Right + = + 23 T + + CF 
Left + = + + + T T PL 
4 FA — E x Fundus not seen E 
Right - $ F = + T T o5 
Left -~ is t = T F "E o8 





CF = Counting fingers HM m Hand movements PL == Perception of light 


bucil is attributed to the formation of electrophilic 
carbonium ions that alkylate or form covalent 
linkages with neutrophilic substances. The specific 
activity of chlorambucil is influenced by the elec- 
tron-withdrawing capacity of the aromatic ring 
which reduces the rate of carbonium ion formation. 
This permits oral administration and distribution 
to sites of action, before it reacts with neutrophilic 
substances (Godfrey and others, 1974). Immuno- 
suppressive drugs have been shown to be poten- 
tially useful adjuncts in the short-term therapy of 
ocular inflammation (Wong, 1969). Results of 
experimental studies with mercaptopurine in 
allergic uveitis in rabbits (Wirostko and Halbert, 
1962) support this clinical finding. 

There are several reports on the treatment of 
corticosteroid-resistant uveal tract inflammations 
with various immunosuppressive drugs. Clinically 
favourable results have been reported in some cases 
using azathioprine, methotrexate, and cyclophos- 
amide but in others no change was observed 
(Newell, Krill, and Thomson, 1966; Newell and 
Krill, 1967; Buckley and Gills, 1969; Francois 
and Van Oye, 1973; Godfrey and others, 1974; 


Laatikainen and Erkkida, 1974; Moore, 1968; 


Rosselet and others, 1968; Wong, 1969). 


Favourable reports on chlorambucil in the 
treatment of Behcet’s disease have been published 
recently (Abdalla and Bahgat, 1973; Godfrey and 
others, 1974; Mamo and Azzam, 1970; Pezzi, 1972; 
Smulders and Oosterhuis, 1975). 

Our results confirm those of other authors, 
although the protocol in some studies was different. 
In our work there was no control group, each patient 
serving as his own control. The assessment of the 
effect of the drug was made individually by com- 
paring the course of the disease before and after 
treatment. 

As has been shown (Mamo, 1970), loss of visual 
acuity occurs on average after 3 to 6 years of onset 
of ocular symptoms. The steroids have only a mild 
delaying effect upon the rate of visual loss, so this 
information acts as a base line in the assessment of 
a new treatment. 

All patients who were treated with chlorambucil 
in our study improved. They all had a long-lasting 
remission without serious toxic reactions or side- 
effects of the drug. Two patients suffered benign 
relapses of posterior uveitis 8 to 10 months after 
the treatment had been stopped. 

In Behcet’s disease the damage to the ocular 
tissues and especially to the retina is essentially 
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Table IU Effect of treatment with chlorambucil and corticosteroids 





Type of eye No. of 

lesion cases Remission 
Iridocyclitis 5 3 | 
Posterior uveitis 5 3 
Neuroretinitis 4 2 i 
Retinal vasculitis 4 o | 


Visual acuity 
Case no. Eye | 
Before treatment 
I Right o'r ! 
Left 0'4 i 
2 Right 02 | 
Left oó | 
3 Right CF 
Left PL 
4 Right HM 
Left PL 
5 Right o5 | 


irreversible, so that a complete cure is impossible. 
The utmost that can be hoped for is arrest of the 
disease. Thus far, it seems that this goal may have 
been attained, although a much longer follow-up 


{ 


period is needed. | 


Summary 
Five patients with Behcet's disease in the active 
| 


$ 


References 


Partial 

improvement No change Deterioration 

2 o o 

2 o o 

2 o o 

o 4 o 
Duration of treatment 

During treatment (mth) 

o'r 

06 24 

o6 23 

E : 

HM 

PL 14 

o8 


and progressive stages were treated with chloram- 
bucil (Leukeran) In all patients a long-lasting 
remission was obtained, the ocular lesions did not 
progress and the vision did not deteriorate. Follow- 
up varied between 10 and 24 months. Results 
were encouraging and the form of treatment with 
chlorambucil and small doses of corticosteroids 
was superior to other forms of therapy. 
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Optic neuritis in the Landry-Guillain-Barré—Strohl syndrome 


v 


PETER O. BEHAN, SIMMONS LESSELL, anp MARTIN ROCHE d 
From the Department of Neurology and Ophthalmology, Boston University, P 
School of Medicine and the Institute of Neurological Sciences, Glasgow 


The Landry-Guillain-Barré-Strohl (LG—BS) syn- 
drome is presumed to be due to cell-mediated 
autohypersensitivity to peripheral nerve myelin 
(Asbury, Arnason, and Adams, 1969; Behan, 
Behan, Feldman, and Kies, 1972). Optic neuritis, 
which is a rare complication, would indicate in- 
volvement of central nervous systern myelin. This 
is a report of a patient with the LG—-BS syndrome 
and bilateral optic neuritis whose immunological 
status we investigated. 


Case report 


A 17-year-old girl was admitted to hospital because of 
arm and leg weakness. She had had a cough, malaise, 
and fever 2 weeks earlier. Five days before her illness 
she had experienced a ‘pins and needles’ sensation in 
her hands and feet, and had felt generally weak. Within 
a few days she neither could walk nor use her hands, 
and her face felt tired. Her history included congenital 
scoliosis and the illicit use of a variety of drugs (both 
intravenously and by mouth); her past neurological 
history was negative. On admission to hospital she was 
alert, co-operative, and intelligent and her vital signs 
were normal. Her best correctable visual acuity was 
20/25 in each eye and the fundi were normal, There 
was bilateral weakness of the facial musculature and of 
the flexor muscles of the neck. She was quadriparetic 
and areflexic but the sensation was not impaired. The 
only laboratory finding on admission that was abnormal 
was a cerebrospinal fluid protein of 267 mg/1oo ml. The 
fluid was clear, contained no cells, and was under nor- 
mal pressure. 

Within ro days she became quadriplegic and deve- 
loped impairment of respiration, but no artificial assist- 
ance of respiration became necessary. Two weeks after 
admission she complained of blurring of vision of both 
eyes. Three weeks after admission she complained that 
" her vision had become worse and that there was pain 
in her eyes on movement. Her visual acuity was then 
found to be 20/70 in each eye with dyschromatopsia. 
The pupils responded subnormally to light stimulation 
but normally to attempts at near vision. She had a 
central scotoma to the x mm white object on the a m 
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tangent screen ín each eye. Both optic discs were 
swollen .and there were papillary and peripapillary 
haemorrhages. Fluorescein angiography showed leakage 
of dye from the tissues of the optic nerve heads in 
both eyes. The cerebrospinal fluid at that time had a 
normal pressure and contained no celle, but the protein 
content was 300 mg/100 ml. She was treated with predni- 
sone which gave immediate relief of pain but did not 
improve the visual acuity. After 9 days the prednisone 
was discontinued and the visual acuity gradually 
improved during the next 3 months. Ultimately a 
visual acuity ‘of 20/25 was recorded in both eyes with 
normal colour vision, visual fields, and fundi. She 
made an excellent recovery from her polyneuritis. 


Immunological studies 


No abnormalities were found in the levels of any 
of the major immunoglobulins determined on three 
occasions throughout the patient’s stay in hospital. 

Complement-fixing antibodies were determined 
(Melnick, 1963) using saline extracts of human 
whole brair tissue, finely ground human sciatic 
nerve, and purified human myelin encephalito- 
genic protein as antigens. A weak titre of 1:8 was 
found during the second week of her illness to all 
three antigens. Similarly, precipitating antibody 
to the same antigens (seen as faint lines) were 
detected during this time by Ochterlony diffusion 
technique. 

Evidence for cell-mediated immunity to these 
antigens was obtained by the i vitro technique of 
macrophage migration (Rocklin, Meyers, and 
David, 1970). In this test mumps and atreptokinase/ 
streptodornase antigens were used ag.controls. The 
patient had exhibited cutaneous sensitivity to these 
proteins. Additional control antigens were purified 
protein derivative (PPD) (the patient was PPD 
negative) and calf thymus histone. Positive inhibition 
was found to peripheral nerve tissue extract(35 per 
cent), central nervous tissue extract (29 per cent), 
myelin basic protein (27 per cent), streptokinase/ 


streptodornase (40 per cent), and mumps (49 per 


cent) No inhibition was found with PPD, calf 
histone, or from Cultures without antigen. Delayed 
hypersensitivity measured in vivo thus showed good 
correlation with that measured fn vitro. ps 


Discussion 


There can be little doubt that the patient had 
LG-BS polyneuritis. Her polyneuritis followed a 
febrile, upper respiratory tract illness and began 
with lower limb paraesthesia and weakness. There 
was progression of the weakness with sensory 
sparing and the total cerebrospinal fluid protein 
was markedly raised without an increase in the 
number of cells. The ocular symptoms and signs 
point to a diagnosis of optic neuritis; blurred 
vision, pain on eye movement, central scotomas, 
and dyschromatopsia are characteristic of optic 
neuritis. Disc swelling (and the abnormalities 
demonstrated on fluorescein angiography) is com- 
patible with both optic neuritis and papilloedema. 
Optic neuritis has been described previously 1n the 
LG-BS syndrome (Brock and Davidson, 1947; 
Martin, 1961; Kyrieleis, 1931) but considering the 
prevalence of the LG-BS syndrome, it must be a 
rare complication. Papilloedema, however, has 
frequently been observed. It is generally not 
accompanied by any visual symptoms, and the 
visual acuity is usually normal. In the past, instances 
of optic neuritis have possibly been confused with 
papilloedema because of the similarities in the 
fundus. The mechanism of papilloedema in the 
LG-BS syndrome is uncertain (Morley and 
Reynolds, 1966). It may reflect brain swelling 
(Joynt, 1958) or a rise in the cerebrospinal fluid 
pressure due to blockage of the arachnoidal villi 
by protein (Denny-Brown, 1952). Hypercapnia 
and acidosis caused by respiratory insufficiency 
may also be factors. The mechanism responsible 
for the optic neuritis is uncertain, but it could 
represent autoimmune inflammation of the white 
matter of the optic nerve. The immunological 
studies in our patient suggest hypersensitivity to 
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both central and peripheral mvelin, and humoral 
antibody in both central and peripheral nervous 
tissue antigens has previously been dernonstrated 
in over so per cent of cases of the LG-BS syndrome 
(Melnick, 1963). 

It is known that the antigen which causes experi- 
mental allergic encephalomyelitis (EAE) is present 
in peripheral nerve (Abramsky, Teitelbaum, Webb, 
and Arnon, 1975). Animals immunized with whole 
peripheral nerve tissue develop lesions of the 
central nervous system (Waksman, 1963). The 
possible causative antigens in experimental allergic 
neuritis (EAN)—an animal model for LG-BS 
polyneuritis--produced both EAE and EAN 
when injected into animals (Abramsky and others, 
1975). The reason advanced for this finding 1s 
that the antigen responsible for EAN contains 
active sites for both EAN and EAE induction, but 
that the site for EAE is normally blocked by the 
conformation of the protein in the normal myelin 
substructure (Brostoff, Burnett, Lampert, and 
Eylar, 1972). Sensitivity to central myelin in our 
patient may thus have resulted from the liberation 
of sequestered central nervous system myelin 
from the initial lesions in the peripheral nerve. 





Summary 


A patient with typical Landry-Guillain-Barré- 
Strohl syndrome (LG-BS) developed bilateral 
optic neuritis. Laboratorv studies showed hvper- 
sensitivitv to both central and peripheral nervous 
tissue myelin. The occurrence of optic neuritis 18 
presumably due to autohypersensitivity to central 
nervous tissue myelin. The initial lesions of the 
LG-BS syndrome in the peripheral nerves might 
have liberated sequestered antigens that cross- 
reacted with central nervous system myelin. 
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Uhthoff’s syndrome 


G. D. PERKIN* ann F. CLIFFORD ROSE 


From the Medical Ophthalmology Unit, St Thomas's Hospital, London 


Uhthoff (1890), in a survey of the ophthalmological 
features of 100 patients with multiple sclerosis, 
described four who had blurring of vision during 
exercise. Subsequent reports have confirmed the 
association and added other precipitating factors. 
As part of a follow-up study of patients with optic 
neuritis (Rose, Friedmann, Bowden, and Perkin, 
1972), the prevalence of this syndrome was ascer- 
tained and an attempt made to correlate its occur- 


rence with various parameters of optic nerve 
function. 


Methods 


Altogether 125 patients admitted to the Medical 
Ophthalmology Unit of the Royal Eye Hospital with a 
diagnosis of optic neuritis were reviewed. The criteria 
for the diagnosis were those given by Rose (1972). 
* Those with a history of visual symptoms exceeding 1 
month were excluded. 

During follow-up, patients were specifically asked 
about transient visual blurring and any precipitating 
factors. Visual acuities were recorded, colour vision 
teated, and macular thresholds and visual fields measured 
using the Friedmann visual field analyser. 

In assessing final visual function, figures for visual 
acuities and macular thresholds have been used only 
if stable values had been recorded on at least two 
successive occasions, or, with single measurements of 
macular threshold, if at least 6 months had elapsed 
since the original attack. 

Some of the patients were being treated with corti- 
costeroids at the time of the initial attack. A separate 
analysis (Bowden, Bowden, Friedmann, Perkin, and Rose, 
1974) showed that this had no effect on the final visual 
acuity, and these patients have, therefore, been included. 


Results 


Of the 125 patients, 41 (32:8 per cent) had noted epi- 
sodes of transient visual blurring after recovery. Table I 
gives details of the precipitating factors, and shows 
that 25 patients were affected by one, ten patients by 
two, four patients by three, and two patients by four 
factors. 


*At present Senior Registrar, The National Hospitals for Nervous 
Diseases (Maida Vale Hospital) and University College Hospital 
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The clinical features at presentation of patients 
with or without subsequent transient blurring are 
compared in Table II. The criteria for a diagnosis of 
multiple sclerosis were those óf Rose and others (1972); 
the differences are not significant. 

In Table III, a similar comparison is made at the 
time of the follow-up examination. Again, the differences 
are not significant. 


Discussion 


Although 60 years elapsed between  Uhthoff's 
description and the confirmation by Brickner 
(1950) of the association between exercise and the 
deterioration of visual acuity in patients with 
previous optic neuritis, McAlpine and Compston 
(1952) subsequently suggested that up to one-third 
of patients with multiple sclerosis could have symp- 
toms (including visual blurring) induced or wor- 
sened by exercise. 

There has been no previous attempt to correlate 
the clinical features of optic neuritis with the sub- 
sequent development of transient visual blurring. 
Although no such correlations were found in this 
study, the difference between the two groups in 
the proportion of patients having more than one 
attack of optic neuritis in the originally affected 
eye only just fails to reach a level of significance. 
Among the seven patients with blurring of vision 
on exercise described by Thomson (1966), three 
had had two or more attacks of unilateral optic 
neuritis, as had two of the four patients with the 


Table I Factors producing transient blurring 





Patients 

Factor i No. Percentage 
Affective disturbance :20 16 
Exercise 14 II 
Temperature change 10 8 
Menstruation ro 8 
Unknown 4 3a 
Increased illumination 4 3'2 
Eating 2 1'6 
Smoking I o:8 
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Table II Clinical features of 125 patients at presentation 








With subsequent Without subsequent 
Features at presentation transient blurring transient blurring 
No. of patients 41 84 
Percentage of females 65-9 64-3 
Age at presentation (mean) (years) 332 349 
Eye affected (including multiple attacks) pc 28 Right si 
28 Left 50 

Smokers (per cent) s 9 543 

20 cigarettes or more/day 244 24'4. 
Evidence of multiple sclerosis at onset (all criteria) 

(per cent) 5377 39'5 
Percentage* with visual acuity of 6/36 or better 

at onset 27:6 4272 
Duration of symptoms before admission (mean) (days) I5'2 16-0 
*Excluding patients with previous attacks of optic neuritis in the same eye 
Table III Clinical features of x25 patients at follow-up 

With transient Without transient 
Features at follow-up blurring blurring 
Attacks Single episode 75:6 87:5* 
of optic More than x 244 12:5* 
neuritis in originally affected eye 171 5* 
(per cent) More than 2 9:8 2'5* 
Multiple (L= left, R= right) LL LL LL LR LR LR LL RR LR LR LR LR LR 
LLR RRL RRR LLRR LR RRRL RRRRRLL 

Evidence of multiple solerosis at follow-up 

(all criteria) (per cent) 872.8 48:5 
Mean follow-up for assessment of 

dissemination (months) 30°9 34°0 
Percentage reaching visual acuity of 6/6+ 774 75 
Final macular threshold] 2:31 2:23 
Time to measurement of stable =o 

threshold (weeks) 18 II 
Colour vision: red/green bebri + 

other defectst (per cent) 64-5 (unilateral 9o) 4474. (unilateral 81) 
Percentage treated with steroids at onset 9:8 14:8 


*These percen 


were calculated on 80 patients. The possibility of multiple attacks had not been ascertained in the remaining four 


iRiduds parcas with multiple attacks of optic seuride in the panic Cye 


same symptom réported by Goldstein and Cogan 
(1964). 

There are no other published series of the pre- 
valence of transient visual blurring after optic 


‘neuritis with which to compare the figure of 32:8 


per cent obtained in this study. McAlpine and 
Compston (1952), however, described in patients 
with established multiple sclerosis a short-lived 
deterioration of any symptom with exercise in 
34:7 per cent, with emotional stimuli in 33 per cent, 
and with heat i in 13'5 per cent. 


The exacerbation of visual and other symptoms 
by increased temperature was probably first re- 
corded by Young and Bennett (1927) in patients 
treated with typhoid vaccine therapy. Linde- 
mulder (1930) and Collins (1938) observed similar 
effects in patients treated with hot baths. Subjec- 
tive worsening of symptoms by heat occurred in 
up to 62 per cent of the patients with multiple 
sclerosis interviewed by Simons (1937). The 
phenomenon has since been recorded by many 
authors (Franklin and Brickner, 1947; Brickner, 
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1950; Guthrie, 1951; McAlpine and Compston, 


: 1952; Edmund and Fog, 1955; McDowell, Jeffreys, 
.and Nelson, 1958; Nelson and McDowell, 1959; 
"Earl, 1964; Goldstein and Cogan, 1964; Thonison, 


1966; Namerow, 1968). Although cooling generally 
has the opposite effect, deterioration has been 
reported (Simons, 1937; McAlpine and Compston, 
1952). The frequency with which hot baths 
produce symptomatic exacerbations becomes more 
striking when it is recalled that hot bdths also 
produce over-breathing with hypocapnia (Hill'and 
Flack, 1909) which is now known to cause improve- 
ment in certain manifestations of the disease—for 
example, scotoma’ size (Davis, Becker, Michael, and 
Sorensen, 1970). ., 

Pratt (1951) showed that a significantly higher 
proportion of patients with multiple sclerosis had 
symptoms exacerbated by certain emotional stimuli, 
than controls with other diseases of the nervous 
system. During menstruation patients usually 


improve symptomatically (McAlpine and Comp- 


ston, 1952), although McFarland (1969) described 
one case with pronounced exacerbations. 

Smoking was first implicated as a factor by 
Franklin and Brickner (1947). Its transient adverse 
effect on vision was noted by Brickner (1950) and 
on other symptoms by Courville, Maschmeyer, 
and Delay (1964). In view of the adverse effect of 
smoking on visual acuity in other situations, a 
separate assessment of residual optic nerve function 
-was made, according to the smoking habits at the 
time of the original attack. Apart from a just signifi- 
cantly (P « 0:05) higher incidence of colour vision 
defects in those smoking 20 or more cigarettes à 
day compared with non-smokers, no influence was 
detected (Perkin, Bowden, and Rose, 1975). 

Although the symptom of transient visual 
blurring with certain stimuli seems to be particu- 
larly associated with multiple sclerosis, it is prob- 
ably not confined to this disease. McDowell and 
others (1958) described four patients with other 
disorders of the central nervous system who de- 
veloped -visual blurring on immersion in a hot 
bath. : 

'The pathogenesis of these phenomena is uncer- 
tain. Most patients in this series were affected by a 
single factor, and it seems unlikely that such 
diverse precipitants as heat, smoking, and eating 
could all operate by the same mechanism. It has 
been suggested that’a critica] reduction in blood 
flow in the region of the plaques induced by cuta- 
neous, muscular, or.splanchnic vasodilatation.. ex- 


plains the effect of' heat, exercise, or eating. With 


the experimental evidence that increasing tempera- 
ture can cause. conduction block: in demyelinated 
nerve fibres (Davis and Jacobson, 1971), an alterna- 
ive mechanism for: the effect of heating, and 


Summary 


possibly. exercise, has appeared. Thus, in one 
patient investigated by Namerow (1968), exercise 
produced a deterioration in visual acuity only 
when accompanied by a rise in body temperature, 
although a similar case described by Goldstein and 
Cogan (1964) maintained a stable temperature 
during exercise, despite a deterioration in vision. 

Rasminsky (1973) showed that a rise in tempera- 
ture by as little a8:0:5?C can cause reversible con- 
duction block in single demyelinated peripheral 
nerve fibres. The blocking effect, however, involves 
only,the most severely demyelinated internodes, 
those less affected actually showing a reduced 
conduction time. Rasminsky suggested, on the basis 
of these findings, that patients with multiple 
sclerosis who develop symptoms with a. slight 
increase in body temperature must have many fibres 
with severely demyelinated internodes. He con- 
cludes that the overall conduction velocity of such 
fibres would be significantly reduced. 

Although the extent of the delay in latencies of 
the visually-evoked responses found in ‘some 
patients with multiple sclerosis probably cannot 


"be: explained solely on the basis of slowing of 


see in demyelinated fibres (McDonald, 
4; Heron, Regan, and Milner, 1974; Asselman, 
lick, and Marsden, 1975), if this slowing re- 
bii an important factor in their development, 
certain predictions are possible. 

First, the incidence of transient visual blurring 
in relation -to heating should be maximal in those 
patients with-:the longest latencies. Secondly, 
observation of the responses in patients who under- 
go heating would be expected to show a reduction 
in amplitude of the response (due to conduction 
block in many of the fibres contributing to it) with 
possibly a shortening in latency (because of en- 
hanced conduction in the unblocked fibres). 

In considering the pathogenesis of the Uhthoff 
phenomenon in conditions other than multiple 
sclerosis, it may well be significant that two of 
the three patiéiits described (McDowell and 
others, 1958) in whom a-diagnosis had been made 
had conditions, (pituitary tumour with suprasellar 
extension, and  Friedreich's ataxia) that were 
capable of causing prolonged latencies in visually- 
evoked -responses. 


t 


A total of 125 patients with a previous episode of 
optic neuritis was followed to assess the subsequent 
prevalence of transient visual blurring. 32:8 per 
cent developed this symptom and thé precipitating 
factors were identified. No correlations were found 


between the development of the symptom and the 


parameters of optic nerve function studied. 
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A clinical approach to the aetiology of uveitis 


" in Bantu adults 


JEFFREY FREEDMAN 


From the University of Witwatersrand, St John's Eye Hospital Baragwanath, Johannesburg, South Africa, 


and State University of New York, USA 


Duke-Elder (1966) stated that, although numerous 
authors have published figures showing the inci- 
dence of different aetiological factors in uveitis, it 
is still difficult to obtain figures of an overall 
distribution because many papers deal with only 
one type of uveitis. Although a few clinical pictures 
can be recognized with some certainty, the aetiology 
of most cases of uveitis have persistently proved 
elusive. The results obtained after investigations 
into the aetiology of uveitis in adult Bantus in 
South Africa during a 2-year period are presented. 


Clinical study 


During a 2-year-period 311 adult Bantus were seen; 
their sexes and ages are shown in Table I. The investi- 
gations of possible aetiological factors were divided 
into two main groups. In the first group all patients 
were examined by a predetermined set of laboratory 
and clinical studies. These comprised: 

ri. Radiological examination of chest, teeth, sinuses, 
and Jumbo-sacral joints. 

2. Blood tests including a full blood count, erythrocyte 
sedimentation rate (ESR), antistreptolysin titre, 
mucoprotein levels, blood sugar levels, gonococcal 
complement-fixation test, toxoplasma dye and 
complement-fixation tests, Rose latex test for arthri- 
tis, serum protein electrophoresis, histoplasma 
complement-fixation test, and Wassermann, Tye- 
ponema pallidum immobilization, and fluorescein 
antibody tests for syphilis. Stools and urine were 
examined for parasites and micro-organisms, and 
there were skin tests for tuberculosis. 

A second group of investigations based on the identi- 
fication of specific clinical entities was also carried ‘out. 
Here a presumptive aetiological diagnosis was made 
on clinical examination of the patients and confirmed 
by the appropriate special investigations where these 
existed. 

The specific clinical entities seen in this study in- 

cluded: tuberculosis, sarcoidosis, sympathetic ophthal- 

mitis, leprosy, syphilis, Vogt-Koyanagi-Harada syn- 
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drome, intraocular parasites, toxoplasmosis, and pre- 
sumed histoplasmosis syndrome. 


Group r (159 patients) 


In these patients there was no obvious clinical cause 
for the uveitis. Results of special investigations were as 
follows: 

I. The full blood count results were non-contributory 
as regards significant abnormalities. 

2. Altogether 27 patients had a Westergren ESR of 
23 mm/rat hour or greater (Table IT). The highest 
ESR recorded was 69. OF the 159 patients 16 per 
cent had a raised ESR. 

3. Gamma globulins were raised in 11 patients (8 per 
cent). 

4. The Rose latex test for rheumatoid arthritis was 
positive in three patients none of whom had any 
clinical evidence of rheumatic disease. 

5. The gonococcal complement-fixation test was 
positive in five patients none of whom had a urethral 
discharge concurrent with the uveitis. 

6. The Wassermann reaction for syphilis was positive 
in 20 patients. 

7. The toxoplasmosis dye test was positive in 11 
patients. 

8. The histoplasmosis complement-fixation test was 
positive in two patients, one of whom had fundus 
lesions suggestive of the disease. 

9. Urine analysis and stool investigation did not reveal 
any parasites. 

10. Radiological investiyations revealed three patients 
with active sinusitis. 


Table I Age and sex distribution of Bantus 
with uveitis 





Age (years) Males Females 
O—I4 14. a7 
15-24. 35 20 
25—44. 88 80 
45—64 44 37 
65+ 4 6 
Total 185 170 





Table II Number and percentage of uveitis 
patients with positive results for routine serological 
and radiological investigations 





Test Total Per cent 
X-ray sinus 3 2 
ESR 27 16 
Mucoprotein 13 0 
Alpha globulin 11 8 
Antistreptolysin titre 9 s5 
Rose latex 3 2 
Gonococcal complement- j 

fixation 5 3°2 
Venereal Disease Reference 

Laboratory 20 12 
"Toxoplasma dye and 

complement-fixation I1 7 
Histoplasma complement- 

fixation 2 I 








11. Nine patients had an elevated antistreptolysin titre. 
These findings are summarized in Table II. 


Group 2 


This dealt with the following clinical entities in uveitis: 


Vogt-Koyanagi-Harada syndrome 


Two cases of this syndrome were seen, in two women 
aged 32 and 36 years, but neither presented with the 
full-blown clinical syndrome. The first patient presented 
with severe bilateral anterior uveitis characterized by 
intense scarring with extensive posterior synechiae, 
kerato-uveitis, and cataract formation. Depigmentation 
of the skin around the eyes with poliosis was present. 
No deafness or central nervous system involvement was 
noted. Although some scarring in terms of posterior 
synechiae occurred in both eyes, the visual acuitv 
remained 20/20 in both eyes. A third case which had 
features of Vogt-Koyanagi-Harada syndrome was 
diagnosed presumptively as sympathetic ophthalmitis. 
A history of a penetrating injury to the left eve was 
given. The injured eye was not sutured and was removed 
t month later. Two weeks after injury the right eye 
became painful and developed a severe anterior uveitis 
with a final visual acuity of hand movements at 1 m. One 
month after the injury depigmentation of the skin of 
the face, legs, and hands occurred. No other features 
suggestive of Vogt-Koyanagi-Harada syndrome such 
as deafness or central nervous system involvement was 
noted. The diagnosis might have been Vogt-Koyanagi- 
Harada syndrome or sympathetic ophthalmitis, the 
sequence of events suggesting the latter, but con firmation 
was denied as no histology of the enucleated eye was 
available. This case illustrates the clinical simiharity 
between sympathetic ophthalmitis and Vogt-Koyanagi- 
Harada syndrome. In all three cases described scarring 
of the eyes occurred, and in two out of the three, the 
final visual acuity was poor. 
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Leprosy 


Four cases of leprosy were seen, two in men and two in 
women, The two men presented with the tuberculoid 
type, each having bilateral facial nerve palsies, exposure 
keratitis, and secondary uveitis; one also had a hypopyon 
ulcer. The two women both presented with mixed 
form of leprosy—lepromatous and tuberculous. They 
both had primary anterior uveitis without associated 
seventh nerve palsies. In these two cases, scarring of 
the anterior segment was severe. 


Tuberculosis 


Two men presenting with uveitis were diagnosed as 
having tuberculous uveitis. The first patient presented 
with bilateral anterior uveitis. The left eye had no 
perception of light and optic atrophy and the nght eve 
had papilloedema with diffuse active chorio-retinitis. 
The chest x ray revealed active tuberculosis. The uveitis 
responded well with a combination of steroid and anti- 
tuberculosis therapy. The second patient was a 35-year- 
old man who presented with bilateral anterior uveltis 
with a right-sided proptosis. Once again a chest x ray 
revealed active tuberculosis. In both these cases the 
clinical entity of uveitis due to tuberculosis was diag- 
nosed because of the association of uveitis with active 
tuberculosis and this was further substantiated in the 
first case by what looked like a possible tuberculous 
chorio-retinitis, 


Sarcoidosis 


Two proved cases of sarcoidosis were seen, The first, a 
woman aged 38 years, presented with bilateral anterior 
granulomatous uveitis. She developed diffuse posterior 
synechiae in both eyes, the fundus being normal. 
The second case, a man aged 30 years, presented with 
bilateral granulomatous uveitis with inferior vitreous 
opacities. After treatment with systemic and local 
steroids both patients had a final visual acuity of 20/20 
in both eyes. In addition both patients had positive 
Kveim tests. Diagnosis in the woman was further sub- 
stantiated by positive histology after sci lene node 
biopsy. She suffered recurrent attacks of uveitis over a 
r-vear-period. and the man bad a single recurrence 
in a follow-up of 1 vear. 


Syphilis 


Altogether four presumptive syphilitic uveitis cases 


was present and no blood dyscrasia was noted. Marked 


improvement of the vitreous haemorrhages occurred 
with antibiotic therapy and systemic steroids. The 
second man presented with bilateral anterior uveitis 
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* ke Eia 


"with a left-sided hyphaema and associated fundal 


“haemorrhages; a strongly positive Wassermann test 
was present. The first woman presented with a large 
inferior ciliary staphyloma and a lens dislocated into 
the vitreous in the right eye. The vitreous contained 
many cells as did the anterior chamber. The left eye 
had an anterior and posterior uveitis with an exudative 
detachment. There was no history of trauma and the 
TPI test, but not the Venereal Disease Reference 
Laboratory (VDRL) test, was positive. Thus, long- 
standing syphilis was diagnosed. The second woman 


' presented with bilateral diffuse uveitis with exudative 


lesions of the choroid, as well as old areas of chorio- 
retinitis. Again the TPI test was positive and the VDRL 
test negative, suggesting long-standing syphilis. 


Parasitic infections 

One patient, a 45-year-old man, presented with a 
uveitis and associated parasitic infestation. The right 
eye had an anterior uveitis with cells in the vitreous 
as well. Within the vitreous a large, live cysticercus was 
found associated with a hole at the macula. The diag- 
nosis was made by direct observation of the parasite; 
no ova were obtainable from the patient’s stools. 


Ankylosing spondylitis 

Two patients with ankylosing spondylitis and uveitis 
were seen. The first, a 27-year-old man, presented 
with a left-sided nongranulomatous uveitis. Both patients 
had typical clinical and x ray features of ankylosing 
spondylitis. 


Toxoplasmosis 


Only one case with a typical fundus lesion and positive 
serology for toxoplasmosis was seen. 


Septicaemic retinitis 


A 35-year-old woman who had undergone renal trans- 
plants developed a perinephric abscess. Associated 
with this she developed a septicaemic retinitis and 
associated anterior uveitis. 

No cases of chronic cyclitis were seen in the adult 
patients. 


. Discussion 


In the 159 patients examined fully by clinical and 
laboratory investigations the significance of the 
results of the nonspecific tests was as follows: 


ESR 


This was found to be positive in 16 per cent of patients 
tested. Norn (1969) found the ESR to be raised 
in 52 per cent of his cases of uveitis. Leira (1965) 
found less marked but analogous percentages. The 
raised ESR indicates general illness such as arthritis 


or severe forms of uveitis and recrudescences. It 
seems that, in the absence of arthritis, in cases 
studied in the Bantu, the raised ESR was due to a 
severe form of uveitis, which was confirmed clini- 
cally. In those cases in which the ESR was raised 
it was significantly high. It is said to be a bad 
prognostic sign if the ESR is very high (Norn, 
1969) and this certainly seemed to be so in the 
Bantus; in most of those with a raised ESR, the 
attacks of uveitis had been severe with the subse- 
quent detrimental sequelae. Thus the ESR may 
be of prognostic rather than of specific aetiological 


value. 


_ Serum electrophoresis 


In this study, where abnormalities in serum proteins 
existed (7 per cent of cases), the common abnor- 
mality was a rise in the gamma globulins. These 
findings agree with those of Haut and Campinchi 
(1973) but the percentages are much lower in the 
Bantu. A rise in alpha-globulins as noted by 
Sokolovsky (quoted by Dieckhues and Böke, 1963) 
and alpha-2-globulins (Aronson, 1968) was not 
found in the Bantus. T'he abnormalities noted in 
the serum proteins are probably only an indication 
of the reaction of the individual to the uveitis as 
stated by Aronson (1968) and probably of no 
aetiological significance. No specific aetiological 
agent was noted in any case with raised gamma 
globulins in this study. The Wassermann reaction 
for syphilis was positive in r2 per cent of cases of 
uveitis on routine study. In none of these cases was 
any improvement noted with specific therapy nor 
was the uveitis typical of that caused by syphilis 
and the positive Wassermann reaction was prob- 
ably a coincidental finding. This is again suggested 
by the fact that 20 per cent of the Bantu population 
have a positive Wassermann reaction. Therefore, 
the Wassermann test played an insignificant role 
in assisting to elucidate an aetiological factor in 
the patients undergoing routine investigations for 
uveitis, 

The latex test for rheumatoid factor was positive 
in 2 per cent of the Bantu patients. However, 
none of these patients manifested any clinical 
evidence of arthritis and on routine investigation 
this was not a helpful diagnostic procedure. 

Serology for gonorrhoea was positive in 3'2 
per cent of the cases studied. This figure is similar 
to the percentage found by Norn (1969) in his 
series. However, the uveitis seen in the patients 
of this study were not typical of gonococcal- 
induced uveitis and no real improvement occurred 
with specific therapy. The positive gonococcal 
serology was not assessed to mean that the uveitis 
was due to gonococcal organisms. 


Routine investigation for toxoplasmosis was 
tested by two methods, the Sabin-Feldman dye 
test and the complement-fixation test. The positive 
results were obtained in 7 per cent of patients on 
routine testing. However, in none of those was 
there a rising titre on re-testing, nor was the titre 
higher than 1:128. Of the 11 patients with positive 
tests for toxoplasmosis, six had anterior uveitis 
with no associated fundus lesion, the uveitis prob- 
ably not being due to Toxoplasma gondii. The 
remaining five patients had fundus lesions only one 
of which resembled that due to toxoplasmosis. 
Once again for routine investigation, the toxo- 
plasma serological tests were of no help in the 
diagnosis of aetiological agents in cases of anterior 
uveitis. 

On routine investigation the histoplasma comple- 
ment-fixation test was positive in two patients, one 
of whom had a fundus lesion which was not typical 
of histoplasmosis and on repeat testing a positive 
histoplasma result was not obtainable. Histoplas- 
mosis appears not to be a common cause of uveitis 
in Bantus of South Africa. 


Thus in an overall general investigation of 159 
adult patients with uveitis, the gleaning in terms of 
aetiological agents was small. 


CLINICAL ENTITIES 


Of the two cases diagnosed as Vogt-Koyanagi 
syndrome, one patient presented with the uveitis 
first and then the vitiligo, while the second presented 
with uveitis and vitiligo simultaneously. Both these 
presentations are acceptable for the diagnosis of 
Vogt-Koyanagi syndrome. In its classical form 
the uveitis precedes the vitiligo by 3 weeks to 3 
months. Both patients were in their twenties which 
is the classically described age group. The presen- 
tation of diffuse bilateral uveitis is also typical of 
the disease, as is the poor visual result and scarring 
as seen in one of the patients. No deafness or central 
nervous system involvement occurred in either 
patient but these manifestations occur in only 
50 per cent of patients with the disease. It is not 
surprising that the condition was seen in two 
Bantus as it obviously predominates in the Far 
East, Latin America, and the Mediterranean basin, 
and is therefore an affliction of the heavily pig- 
mented races—yellow and black. The first descrip- 
tion in the Bantu was that of Trope and Coetzee 
(1961). Bruno and McPherson (1949) described 
the condition in the North American Negro. 
Surgical intervention, such as lens extraction, does 
not always give a good result and the prognosis 
should be guarded. The poor result obtained 
after lens extraction in one of the Bantu patients 
certainly followed this dictum. The close inter- 
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relationship between sympathetic ophthalmitis . 


and. Vogt-Koyanagi-Harada syndrome has been 
shown clinically in the Bantu first by Trope and 


Coetzee (1961) and possibly in the case described . 


in this study. T'his clinical association has been 
further substantiated on an immunological level 
by the experiments of Wong, Anderson, and 
O'Brien (1971), and Hammer (1971), wherein they 
demonstrated positive lymphocyte transformation 
in the two conditions suggesting an immunological 
basis for them. Thus typical forms of Vogt- 
Koyanagi-Harada syndrome do occur in the Bantus 
of South Africa. 


The incidence of tuberculosis as a possible cause 
for uveitis was less than 1 per cent in this study. 
In the Indiana Survey (Schlaegel, 1968) the inci- 
dence was r per cent and Haut (1966) found it to 
be r8 per cent in his survey. For Cross (1960) 
tuberculosis represented 14°6 per cent of chronic 
or recurrent uveitis, while Remky (1960) listed 
10 per cent of cases of uveitis due to tuberculosis. 
There tends to be a balance between the severity 
of the tuberculosis in the lungs and the uvea. 
Woods (1973) rarely found active pulmonary 
tuberculosis in the course of uveal tuberculosis. 
This would have appeared to be the findings in the 
two Bantu patients described, in that, although 
many findings were diagnostic of tuberculosis no 
bacilli were found in the sputum during the mani- 
festation of the uveitis. The diagnosis of tuberculous 
uveitis in these two cases remains presumptive 
as Koch’s postulates were not fulfilled. However, 
the feature brought out by the findings in this 
study is the now accepted one of a low to non- 
existent incidence of tuberculous uveitis, particularly 
in the Bantus. 

The two cases of sarcoidosis seen in this study 
represent an incidence of Jess than 1 per cent. 
Sarcoid is said to be an aetiological factor in approxi- 
mately 3 per cent of cases of uveitis (Woods, 1973). 
The incidence in the Bantu is unlike that in the 
American Negro who appears to be abnormally 
susceptible to the disease. Although sarcoid uveitis 
is rare in the Bantu, the nature of the uveitis when 
it does occur is typical of sarcoid uveitis in other 
racial groups. The incidence of sarcoid in the 
Bantu is similar to that in the Caucasoid group 
(o*5 per cent; Haut, 1966), and unlike the frequency 
of sarcoid uveitis as seen in the American Negro. 

Presumptive syphilitic uveitis diagnosed in four 
patients represents an incidence of 1°3 per cent. 
Old statistics showed a 25 to 75 per cent incidence 
and Woods (1973) recognized 4 per cent of uveitis 
as being due to syphilis. The incidence in Baltimore, 
USA, as reported by Perkins (1968), was 15:2 
per cent. Haut (1966) found an incidence of r'r 
per cent and Witmer (1969) stated that syphilitic 
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uveitis was rare. A number between 1 and 4 per 
cent probably corresponds to the incidence of 
syphilitic uveitis. Thus the incidence of possible 
syphilitic uveitis in the Bantu corresponds to the 
accepted average and is low when considered 
against the positive serology in the general Bantu 
population which is 20 to 25 per cent. The diagnosis 
in the four Bantu patients remains presumptive as 
no firm evidence such as locating the spirochaete 
from the eye was obtained. However, the clinical 
evidence presented by the four patients indicated 
that the uveitis was due to syphilis, A hyphaema 
may be one of the characteristic findings of secon- 
dary syphilis. The presence of exudative chorio- 
retinitis is also highly suggestive of syphilis. 
Uveitis of late syphilis may present with a cataract 
and ciliary staphyloma probably due to a gumma. 
Finally, the Treponema pallidium immobilization 
test is negative in normal persons and permits the 
elimination of false positives. The reaction to the 
test appears later than other serological reactions 
and remains positive in a late stage of the disease, 
being little influenced by therapy. Its positivity 
in all four cases with the associated clinical uveitis 
is indicative of the presence of syphilitic uveitis. 
However, even with the presumptive 1 per cent 
incidence, syphilis does not seem to be a major 
aetiological factor in the causation of uveitis in the 
Bantus of South Africa. 

Four cases of leprosy represent 1°3 per cent 
incidence of leprosy uveitis. The comparison of 
the incidence of uveitis due to leprosy in other 
surveys is difficult, as in most surveys the incidence 
of uveitis in patients with leprosy is not given 
(Ticho and Bensira, 1970). The two women with 
mixed leprosy presented with the more severe 
uveitis as would be expected with lepromatous, 
or direct involvement uveitis, as compared with 
the tuberculoid form as seen in the two men. 
In this study, uveitis was caused by leprosy more 
often than by sarcoidosis or tuberculosis and 
presented an easily identifiable clinical entity. 

There were only two cases of ankylosing spondy- 
litis associated with uveitis, an incidence of less 
than x per cent. Blagojevic, Parunovic, Nickolick, 
and Mladenovic (1970) found an incidence in 
their series of 140 cases of 5 to 20 per cent. Anky- 
losing spondylitis in association with uveitis is 
rare in the Bantu and the two cases associated with 
uveitis are unique. 
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Only one case with a typical fundus lesion and 
positive serology for toxoplasmosis was seen. This 
represents an incidence of 0-3 per cent of uveitis 
due to toxoplasmosis in the Bantu studied. Van 
Metre (1968) found an incidence of 14 per cent and 
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from the West. Indies or West Africa. Hogan, 
Kimura, and O’Connor (1964), in a study of 
uveitis in 1584 patients, found 240 patients (15 
per cent) with suspected ocular toxoplasmosis; 
few of these were Negroes. The explanation for 
this observation was given. The study in Bantus, 
in which a very low incidence of toxoplasmic 
uveitis was seen, correlates well with Hogan’s 
observations in American Negroes. On routine 
testing, a positive serological test for toxoplasmosis 
was obtained in 7 per cent of the Bantu patients, 
none of whom had features of ocular toxoplas- 
mosis. This finding of positive serology for toxo- 
plasmosis correlates with the incidence of positive 
serology for the Bantu population as a whole, 
which is ro per cent. From the findings of this 
study, the nonspecific testing for toxoplasmosis 
in all cases of uveitis would seem to be unhelpful 
in elucidating an aetiological factor, and the search 
for clinical features of toxoplasmosis with subse- 
quent serological testing would seem to be more 
practical. 


Conclusions 


The gleanings in terms of an aetiological diagnosis 
obtained from nonspecific blanket testing of all 
cases of uveitis would seem to be poor in the 
Bantus. Where positive aetiological factors were 
obtained, a clinical diagnosis was more often than 
not possible, the diagnosis being confirmed by the 
appropriate special tests. It would seem then, 
from the findings of this study, that routine in- 
vestigations of all cases of uveitis along present 
lines, as advocated by Woods (1961), are usually 
fruitless, and that the identification of clinical 
entities, as suggested by Maumenee (1968), is a 
more logical approach in the investigation of 
uveitis. 
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7 Quantitative tear lysozyme assay in units of 
" activity per microlitre 


I. A. MACKIE anb D. V. SEAL 


From St George's Hospital and Public Health Laboratory, and Moorfields Eye Hospital, London 


Fleming (1922) discovered lysozyme, and in 1932 
he assayed the tear level using a dilution technique 
(Fleming, 1932). He showed that the concentration 
of lysozyme in tears was up to a thousandfold 
greater than in serum. 

Accurate lysozyme assay has been possible only 
since the establishment of hen egg lysozyme 
(HEL) and human lysozyme (HL) standards. 
Their activity can be accurately measured. HEL 
standards have recently been used for lysozyme 
assay in urine, peritoneal fluid, and serum and HL 
standards have been used for assay in cerebrospinal 
fluid (Parry, Chandian, and Shahani, 1965; Harri- 
son, Lunt, Scott, and Blainey, 1968; Wardle, 
1973; Cacatian, Newman, Josephson, and Tsang, 
1974). 

Tear fluid is most easily collected by filter paper 
disc absorption. Results of the total quantity of 
lysozyme on the discs, have been expressed in 
diameters of zones of lysis of Micrococcus lysodetk- 
ticus. Various authors have reported different 
normal diameters (Bonavida and Sapse, 1968; 
Bijsterveld, 1969; el Gammel and Salah, 1971; 
Pietsch, Pearlman, and Durham, 1973; Bijsterveld 
1974). Results have also been expressed in ug/ul of 
uncalibrated HL (Pietsch and others, 1973), of 
HEL (Covey, Perilie, and Finch, 1971), and 
calibrated HEIL (Osserman and Lawlor, 1966; 
Friedland, Anderson, and Forster, 1972). Direct 
comparison of these results is unreliable, because 
HEL and HL vary in their activity per ug, as shown 
by the different levels quoted (Harrison and others, 
1968; Bonavida and Sapse, 1968; Friedland and 
others, 1972; Bijsterveld, 1974). In addition, 
batches of lysozyme standards are prepared by 
different commercial laboratories; further confu- 
sion arises because HL bas eight to 12 times the 
activity of HEL per ug (Osserman and Lawlor, 
1966). 

In this study, calibrated HEL standards were 
used in each assay alongside the test discs. The 
activity of this HEL standard was measured in 
*units of activity' per ug, so that direct comparison 
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with other results, in units, could be made. A 
*unit of activity' is defined below. 


Method 


Dried, autoclaved Whatman No. 1 filter paper discs, 
6 mm in diameter, were placed inside bijoux bottles 
which were weighed and put into clear plastic envelopes. 
The disc was placed in the lower fornix of the conjunc- 
tiva with & forceps, allowed to absorb tear fluid, and 
then replaced in the bottle. Care was taken to avoid 
collecting the mucus thread in the lower fornix. The 
bijou bottle, with the wet disc, was reweighed so that 
the volume of tear fluid could be calculated. Other discs 
were wetted with standard HEL at a concentration of 
1, 3> 5, ar and 10 ug/l and the volume absorbed was again 
estimated by weighing. A control disc of HEL was 
similarly treated. 

Twenty colonies of M. lyrodeikticus, from a purity 
plate, were innoculated into 20 ml nutrient broth 
(Oxoid), and shaken for 2 min. This was flooded on to a 
20 cm! plate, containing 250 ml Direct Sensitivity Test 
Agar (DST-1:2 per cent Oxoid), and dried (Bijsterveld, 
1974). The discs for the tests, standards, and controls 
were placed on the surface of the plate, which was 
incubated at a temperature of 37°C for 18 h. Zones of 
lysis of the M. lysodeikticus occurred around the discs. 
The diameters of these zones were measured with 
precision calipers. 

The HEL standard was calibrated in a spectrophoto- 
meter by measuring the rate of lysis of a fresh substrate 
of M. lysodeikticus grown for 48 h on Meyer and Hahnel 
medium (Meyer and Hahnel, 1946; Shugar, 1952). ‘The 
M. lysodeikticus was suspended in M/ro phosphate 
buffer at pH 7:0. The absorption of the suspension in a 
3 ml spectrophotometer cuvette was adjusted to be- 
tween o's and o°6 with a wavelength of 450 nm at a 
temperature of 25°C. Samples of ro, 20, 30, and 40 pl 
of the 1, 3, 5, and xo ug/l HEL standards, each diluted 
to o-3 ug/ul, were added to the cuvette so that the 
concentration of the HEL was known in pg/ml buffer 
substrate. T'he decrease in absorption during the first 
minute was measured. 

One ‘unit of activity’ was defined as that amount of 
enzyme required to cause a decrease in absorption of 
the M. lysodeikticus substrate, in M/1o phosphate 
buffer at pH 7-o and ata temperature 25°C, of o:oo1 in the 
first minute of the reaction, at a wavelength of 450 nm. 

The HEL standards had to be kept deep frozen 
(-20°C) as they would have lost some of their activity 


at temperatures above 4°C. The standards used for the 
plate assay were checked monthly on the spectrophoto- 
meter, against the calibration curve, to assess whether 
they had lost any activity. 


Results 


A straight line graph was obtained between the 
logarithms of the total quantities of the HEL in 
ug on the discs and the squares of the diameters of 
the zones of lysis of M. lysodetkticus on the plate, 
in the range equivalent to that in. human tears 
(Fig. 1); a non-lysozyme antibacterial factor has 
been described in human tears (Friedland and 
others, 1972). It has been neither identified. nor 
assayed, and 1t has not been taken into account in 
this method. 

A straight line graph was obtained with the 
HEL calibration on the spectrophotometer (Fig. 2) 
(Parry and others, 1965). A decrease in absorption 
during the first minute of 0:030 was obtained by 
1 ug HEL/ml buffer-substrate, under stated 
conditions. This represented, by our definition, 
30 ‘units of activity’/ug HEL (30 ooo units/mg). 

It was necessary for the standard HEL, which 
was used in the test, to be calibrated in the labora- 
tory. Lysozyme chloride ex egg white* was stated 
to have an activity of approximately 15 ooo units/ 
mg. On repeated testing of freshly prepared 
solutions, however, an activity of 30 ooo units/mg 
was recorded. 

The lysozyme concentration in units of activity/ul 
tear fluid, of the normal eyes of 54 volunteers 
(aged 18 to 86 years) was assayed (Fig. 3). The 


*Supplied by Koch-Light Laboratories 
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mean level of this distribution decreased by one 
unit of activity/ul tear fluid for each year. A limit 
of 7o units of activity/ul tear fluid at 20 years of 
age had decreased to 4o units/ul tear fluid by 
8s vears, and thís was considered to represent the 
lowest normal concentration, although one in 108 
eves lay below it; it is called the critical limit. 
The variability of the volume of tear fluid ab- 
sorbed by the Whatman filter paper discs, which 
were considered ^wet' on inspection, is shown in 
Table 1. In all age groups, the volume collected 
on a ‘wet’ disc could vary by threefold, and between 
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“Hable I Volume of tear fluid absorbed on to 
filter.paper discs from 54 normal volunteers 





Range of 
group per volume Mean Standard 
(years) — group (ul) (ul) ^ deviation 
20—39 24. z'o to 85 si I'S 
40-59 9 2:3t0 6s 45 1:2 
60-89 21 zatoÓ5 43 12 





the ages of 20 and 40 years, by fourfold. The mean 
volume collected varied from 5:1 ul for 20 to 39 
years of age to 4°3 ul for 60 to 89 years. 

Out of 54 normal volunteers, four were slow in 
their response to produce enough tear fluid to wet 
the disc, and rir were quick, producing copious 
quantities of tears, see Fig. 4. The other volunteers 
were classified as ‘medium tear producers’. It was 
demonstrated that tear fluid produced slowly 
could have a high or low normal lysozyme concen- 
tration, as was also the case for tear fluid produced 
quickly and copiously. 

There was no relationship between the lysozyme 
concentration, measured in units of activity/ul tear 
fluid, and the total quantity of tear fluid absorbed 
by the disc (correlation coefficients: -o'r for left 
eye, —o'I for right eye) (Fig. 5). This meant that 
volunteers producing smaller quantities of tear 
fluid (2 to 3 ul absorbed by the disc) might have a 
high or low normal lysozyme concentration. This 
was also the case for volunteers producing larger 
quantities of tear fluid (6 to 7 ul absorbed by the 
disc). 

A significant association between the lysozyme 
concentration in the left and, right eyes of the 
volunteers was calculated (correlation coefficient: 
07). 

The details of six patients with a clinical diag- 
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FIG. 4 Comparison of lysozyme concentrations in 
slow and fast tear producers 
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FIG. 5 Total volume of tear fluid absorbed by disc 
compared with lysozyme concentration 


nosis of keratoconjunctivitis sicca, and three 
control patients with severe autoimmune disease, 
but with normal eyes, are summarized in Table II. 
Five out of the six patients with keratoconjuncti- 
vitis sicca had tear lysozyme concentrations well 
below the critical limit for the lowest normal con- 
centration for their age; one, with quiescent 
systemic lupus erythematosus and keratoconjunc- 
tivitis sicca, had a lysozyme concentration around 
the limit. The three control patients had lysozyme 
concentrations well above the critical limit. 
Discussion 

Bonavida and Sapse (1968) stated that the variables 
affecting the diameter of the zone of lysis of the 
M. lysodeikticus include incubation time, tempera- 
ture, concentration of micrococcus, and thickness 
of agar. Bijsterveld (1974) investigated different 
media for growing the M. lysodeikiicus in order to 
find a medium on which to standardize the test. 
Pietsch and others (1973) stated that the reporting 
of results, compared with a lysozyme standard, 
was not necessary because the zone of lysis ob- 
tained with a standard might be erroneous because 
of impurities. 

In our experience the growth of the M. lyso- 
deikticus on DST agar (1:2 per cent Oxoid) is never 
exactly the same, and direct comparison between 
zones of lysis is unreliable. It is only by direct 
comparison with a reliable standard on each plate 
that the biological variable (that is the growth of 
the M. lysodetkticus) can be compensated. If the 
lysozyme standard is calibrated on the spectro- 
photometer into units of activity, compensation 
can be made for impurities and different strengths. 
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Table II Clinical details of six patients and three controls 





Volume of tear 





Age of fluid Lysozyme Critical 
patient Diagnosis nner — concentration limit” 
(years) Eve ful) C units]ul) C unitsiulj 
Sicca syndrome 23 Hypergammaglobulinaemia Right — as 39 69 
with sicca Left 24 39 
33 Quiescent systemic lupus Right o 6o 65 
erythematosus and sicca Left 2'3 71 
52 Sicca Right 6-2 15 56 
Left 48 15 
60 Sicca Right 5:6 24 52 
Left 42 30 
66 Sicca Right — 2:9 <9 49 
Left 24 <Q 
52 Sicca Right 36 19 41 
Left ps8 44. 
Controls with other 54 Severe rheumatoid arthritis Right — 2:9 87 55 
autoimmune diseases Normal tear film and eyes Left 24 92 
55 Raynaud’s disease Right = 2:8 84 54 
Scleroderma Left 4o r20 
Skin biopsy positive for 
systemic lupus 
erythematosus 
Normal tear film and eyes 
67 Siógren's syndrome (dry Right — 277 64. 48 
mouth and rheumatoid Left 2:2 78 
arthritis) 
Normal tear film and eyes 
*Lowest normal level for age 
It is essential to weigh the filter paper discs to Summary 


estimate the quantity of tear fluid absorbed. 
Otherwise, the diameter of the zone of lysis of the 
M. lysodeikticus will be increased by 40 per cent 
for each doubling of the quantity of tear fluid on 
the disc. 

Erickson (1955) and McEwen and Kimura 
(1955) reported the absence of lysozyme in the 
sicca syndrome, and Minton (1965) reported its 
absence in one case of systemic lupus erythema- 
tosus, with some reduction in other cases. 

We have shown in this study that the tear lyso- 
zyme concentration is likely to be abnormal, if it 
lies below a critical limit, which varies with age. 

Bijsterveld (1973) found that the probability of 
misclassification of a patient with keratoconjuncti- 
vitis sicca by Schirmer's test was 15 per cent, by 
rose bengal test 5 per cent, and by his lvsozyme 
method 1 per cent. Pinschmidt (1970) showed that 
Schirmer's test was inconsistent. We suggest 
that the tear lysozyme concentration, in units of 
activity/ul tear fluid, provides the ophthalmologist 
with a good guide to lacrimal gland function. 


An accurate method of assaying the tear lysozyme 
concentration in units of activitv/ul has been 
developed. Normal physiological levels which vary 
with age have been determined. 

It has been demonstrated that measurement of 
the volume of tear fluid collected and assay with a 
calibrated standard are essential for the accurate 
determination. of the precise concentration. of 
lysozyme in the tear fluid. 

‘Tear lysozyme concentration can be used às an 
index of lacrimal gland function, and in the diag- 
nosis of the sicca syndrome and associated condi- 
tions. 

We believe that this method of tear lysozyme 
assay has important applications in drug toxicity 
states in humans (for example, practolol toxicity) 
and also in animal drug toxicitv studies. 


We wish to thank Dr H. Cleeve for advice on chemistry, 
Mrs A. Clewer for advice on statistics, and Dr D. 
Fleck, Dr H. Ross, and Mr B. Chessum for advice on 
bacteriology. 
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Fluorinated steroids 
TO THE EDITOR British Journal of Ophthalmology 


SIR, Many ophthalmologists must have heard or read 
by now of the adverse effect on the skin of the prolonged 
use of fluorinated steroids, such as betamethasone, 
fluocinolone, and fluocortolone 21~hexanoate. It has 
been said that the fluorine present induces neovascu- 
larization and dilatation (telangiectasia) and ruptures 
the dermal collagen and follicular epithelium. These 
adverse changes are reversed by using hydrocortisone. 
Despite this finding which originated in 1969 I do not 
know of any statistically significant account of a similar 
effect on the eye. In two cases of postherpetic disciform 
keratitis in which drops of betamethasone were pres- 
cribed for a year, and in one case where the same drops 
had been prescribed daily for two years by a general 
practitioner for conjunctivitis sicca, I found many 
substantial dilated vessels in the corneal stroma asso- 


ciated with a highly irritable eye. There was no other 
pathological feature. On changing to drops of hydro- 
cortisone x per cent, the symptoms were relieved and 
after one week most of the corneal blood vessels had 
become emptied. 


Yours faithfully, 
F. C. RODGER 
Princess Margaret Hospital, 
Swindon, 
Wiltshire 
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Aqueous humour lactic dehydrogenase isoenzymes in retinoblastoma 


(Brit. J. Ophthal. (1975), 89, 268) 
TO THE EDITOR British Yournal of Ophthalmology 


SIR, Since our paper was published last May we have 
become aware of additional relevant information we 
wish to bring to your attention. 

We have had the opportunity to study two patients 
in whom aqueous humour assays were at variance with 
our previously-reported findings. One patient, with 
histologically proven retinoblastoma, had a total aqueous 
humour lactic dehydrogenase (LDH) of 2303 iu/l and a 
ratio LDH,:LDH, of only 1:9. The other patient, with 
bilateral, congenital non-rhegmatogenous retinal de- 
tachment and no retinoblastoma, had total aqueous 
humour LDH levels of 194 and x9, and ratios LDH,: 
LDH, of 24 and 30! 

A recent paper by Swartz, Herbst, and Goldberg 
(1974) supported the original hypothesis of Dias, 
Senthe Shanmuganathan, and Rajaratnam (1971) that 
retinoblastoma was associated with a raised total 
‘aqueous humour LDH, and they referred to a paper 
(Kaneko and Suzuki, 1972) in which the authors found 
(as we did) that, although the total aqueous humour LDH 
was inconsistently raised in retinoblastoma, in seven cases 


Corneal epithelial oedema 


TO THE EDITOR British Journal of Ophthalmology 


SIR, Over many years some difficulty has been ex- 
perienced during prolonged three-mirror examinations 
because corneal epithelial oedema tended to supervene 
after a few minutes. The solutions being used at this 
hospital were 1, 2, or 3 per cent hydroxypropyl methyl 
cellulose (HPMC) in water with phenyl mercuric nitrate 
0'002 per cent, ; 

It occurred to us that due to the large size of the 
HPMC molecule, the osmotic effect of such a solution 
was almost identical to that of water, hence it was a 
likely cause of the epithelial oedema. 


it was associated with an elevated LDH, isoenzyme 
(and to a lesser extent LDH, and LDH, fractions). 

We believe that the aqueous humour LDH assay is 
currently a valuable diagnostic adjunct in the diagnosis 
of retinoblastoma, in that both an absolute elevation 
of the total aqueous humour LDH and a relative ele- 
vation of the slow isoenzyme fractions (that is, a ‘shift 
to the right’) appear to be suggestive but not diagnostic 
of retinoblastoma. We wish to encourage further experi- 
ence with this test to resolve the inconsistencies in the 
literature, and to define the limits of reliability and 
the scope of application of this biochemical assay. 

Yours faithfully, 
PAUL E. ROMANO and JACK KABAK 
Department of Ophthalmology, 
Northwestern University Medical School, 
Chicago, Illinois 


DIAS, P. L. R., SENTHE SHANMUGANATHAN, S. 8., and RAJARATNAM, M. 
(1971) Brit. Y. Ophthal., 55, 130 

KANEEO, A., and SUZUKI, H. (1972) Acta Soc. ophthal. Jap., 76, 672 

SWARTZ, M. 8., HERBST, R. W., and GOLDBERG, M. F. (1974) Amer. J. 
Ophthal., 78, 612 


Accordingly, HPMC was made up in o'g per cent 
sodium chloride instead of pure water. 

This solution appears completely to have resolved 
the problem. The cornea remains crystal clear through- 
out the most prolonged examination. We thought this 
information would be of interest and value to readers. 

Yours faithfully, 
J. H. REDMOND SMITH and R. WATKINS 


Moorfields Eye Hospital, 
City Road, 
London ECrV 2PD 
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Book reviews 


Contact Lens Practice: Hard and Flexible 
Lenses. By R. B. MANDELL, 2nd ed. 1974. Pp. 
819, figs, tables, refs. Thomas, Springfield, Illinois 
($32:50) 

A book that has been reprinted five times in its first 
edition bas obviously filled a need. 

The 2nd edition of Professor Mandell's book has 
increased in size, but most of this increase is taken by 
new chapters on flexible lenses. Contributors include 
seven American optometrists, an American ophthal- 
mologist Dr Antonio Gusset who describes the thera- 
peutic use of soft lenses, and gratifyingly Professor 
Robert Fletcher of the City University London who 
gives an account of scleral hard lenses. 

The book is described as a contact lens fitting guide 
for practising ophthalmologists and optometrists and a 
comprehensive guide for students. It achieves this aim, 
is well written and easily readable. More information 
about the vitally important water content of continu- 
ously worn soft lenses is needed. 

Excellently printed, bound and illustrated, this book 
represents good value in dollars although the sinking 
pound makes it more expensive for UK purchasers. 

M. O'RIORDAN 


Contact Lens Practice: Visual, Therapeutic 
and Prosthetic. Pp. 368, 382 figs (18 colour 
plates), tables, refs. 1975. Bailliére T'indall, London 
(1950) 

'The arrival of the first edition of Contact Lens Practice 
is an event keenly awaited by all those with an interest 
in this field. There can be no disappointments since 
this book is a masterly production and Montague 
Ruben and his contributors have written a balanced 
comprehensive text covering all aspects of contact lens 
practice. It contains a wealth of information and the 
up-to-date knowledge will prove useful to the estab- 
lished contact lens practitioner and the novice alike. 

The book consists of rs clearly written chapters, 
each with an extensive bibliography. In addition a 
useful appendix and a comprehensive index have been 
included. 

The author begins with an interesting summary of 
the history and evolution of contact lenses. This chapter 
is followed by one dealing with indications for contact 
lens wear. All the principles appertaining to the manage- 
ment of therapeutic cases with contact lenses are 
discussed. An exhaustive list of specific diseases, treat- 
able with contact lenses could have been included with 
benefit, even though they are discussed in a later chapter. 

The next chapter deals with tears, and with certain 
aspects of the physiology, anatomy, and pathology of 
the cornea, conjunctiva, and ocular adnexa, of immediate 
concern to contact lens practitioners. This discussion, 


with many photomicrographs, allows an easy under- 
standing of these relevant topics. The following chapter 
provides concise basic information on optics in relation 
to contact lenses. Useful nomograms have been included, 
and formulae relevant to contact lens work explained. 
The succeeding chapter deals both with physical 
chemistry pertinent to contact lenses and all materials 
encountered in contact lens practice. 

Accurate measurement of the corneal curvature is 
essential for correct lens fitting and the next two chapters 
cover this topic thoroughly. The following few chapters 
deal extensively with the fitting of corneal, scleral, and 
soft lenses; patient management; intolerance and eye 
disease resulting from contact lens wear. . 

Special diseases for which contact lenses are indicated 
are discussed in detail; these diseases which require 
special consideration when fitting lenses, include 
keratoconus, aphakia, bullous keratopathy, postkerato- 
plasty, dry eyes and tear anomalies. The chapter on 
manufacturing techniques is useful for the contact lens 
practitioner since he should be aware of the limitations 
imposed by manufacturing techniques. The final 
chapter deals fully with ocular cosmetic and prosthetic 
appliances. 

It is a difficult task to produce a work of this quality, 
when the field is advancing rapidly and when there 
exists a wide range of techniques and opinions. However, 
the author has succeeded admirably and it is difficult 
to find fault with this book. I would have preferred a 
chapter to deal specifically with soft contact lenses, 
although all the relevant and current information in 
this important development is covered, albeit, distri- 
buted in various chapters. Some illustrations and plates 
are without reference in the text but they are all relevant 
and self-explanatory. 

This textbook is essential reading for all those who 
work with hard or soft contact lenses. It is likely to 
become the standard text for reference and study in 
this field. R. DANIEL 


The Diagnosis and Treatment of Cerebral 
Arterial Disease of Extracranial Origin. Edited 
by R. D. Fine. 1974. Pp. 203, figs, tables, refs. 
Australasia Medical Publishing, Glebe, NSW 
($A15-00) 


This book is concerned with embolism and carotid and 
vertebrobasilar disease in relation to their effects upon 
the cerebral circulation. It opens with concise accounts 
of cerebral vascular anatomy and physiology, and 
describes how the latter may be disturbed by disease. 
The mechanisms of ischaemic episodes are thoroughly 
discussed together with their clinical manifestations and 
how to investigate them. 

The chapter on ophthalmic aspects of carotid and 
vertebrobasilar disease will be of particular interest. 


The illustrations are unusually good and the references 
selective and well chosen. The typography is, however, 
somewhat faint and as some sections are in very small 
type it is not easy to read. JOHN MARSHALL 


Differential Diagnosis of Intraocular Tumors: 
A Stereoscopic Presentation. By J. D. M. Gass. 
1974. Pp. 371, figs. Mosby, St Louis; Kimpton, 
London (£3445) 


The series of American ophthalmological textbooks, 
which is being produced to provide a stereoscopic 
presentation of different aspects of the subject, has 
been greatly enhanced by the volume on the differential 
diagnosis of intraocular tumours under the authorship 
of Dr Donald Gass. As one of the pioneers of fluorescein 
angiography he has been able to associate clinical 
appearances, fluorescein studies, and the pathological 
findings in such a way that the reader cannot but 
achieve an excellent working knowledge of the problem. 

The authors comment in the preface upon the 
indication of statistics at the Armed Forces Institute of 
Pathology that, of every five eves with clear media 
enucleated for malignant melanoma, one proved to have 
an alternative pathological diagnosis, is a timely reminder 
of the importance of studying intraocular swellings in 
all their aspects. JAMES R. HUDSON 


Diplopia. By Roperr A. CRONE. 1973. Pp. 488, 
figs, bibl. Excerpta Medica, Amsterdam (approx. 
$60) 


This excellent book deals in considerable depth not 
only with anomalies of binocular vision and disturbances 
of ocular motility but also with the physiology and 
anatomy of the development of binocular vision based 
on evolution and including the kinematics and control 
of eye movements. 

The clinical problems are extensively illustrated by 
well-documented details relating to a large number of 
patients personally examined and for the most part 
treated by the author himself all of which will be of 
considerable interest to the practising ophthalmologist. 

The division of each page into two parallel sets of 
print is attractive and makes for easy reading. The case 
photographs are clear and so are the fields of binocular 
fixation. The simplified Hess charts are for the most 
part adequate except where they are only reproduced 
in a cruciform manner as in Case 12.33 page 267 which 
does not sufficiently illustrate the deviation. 

'The book covers most aspects of binocular anomalies 
of all types with special reference to ocular palsies. 
There is an excellent chapter on orbital lesions causing 
diplopia in which is included diplopia after operations 
for retinal separation. 

The retraction syndrome is well described and it is 
interesting to read that the author considers that ‘ana- 
tomical abnormalities predominate in some cases and 
paradoxical innervations in others’, in connexion with 
which he cites a case in which the abducent nerve was 
missing and the external rectus was supplied by a 
branch of the third cranial nerve. 
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The chapter on diseases of the ocular muscles. in- 
cluding dysthyroid ophthalmopathy is excellent. 

Dr Crone has included a most useful bibliography 
with some 1s8o0 references but the subject index is 
short and not really adequate if the reader wishes to 
refer quickly to a particular topic. 

The emphasis throughout the book is on clinical 
examination and diagnosis rather than on detailed 
therapy are clearly stated. 

There is very little reference to the problems relating 
to young infants suffering from squint nor of the special 
methods of assessment of their visual function. 

Some of the most interesting material is to be found 
in the last three chapters which deal with convergence 
disturbances and diplopia of supranuclear origin, 
diplopia resulting from acquired disturbances of fusion, 
and uniocular diplopia. 

'This is certainly a book which should be read by all 
ophthalmologists interested in neura-ophthalmology as 
well as those who are primarily concerned with the 
problems of strabismus. T, KEITH LYLE 


The Eye (Comparative Physiology) Vol. 5. Edited 
by H. Davson and L. T. GRAHAM. 1974. Pp. 528, figs, 
tables, refs. Academic Press, New York (£21:60) 


'This is the first of two volumes on this subject. The 
book is planned to allow the authors to discuss specific 
types and is, therefore, not a generalized account. 
Such an approach has the advantage of making the 
book interesting and readable although the relationships 
of some of the topics to human physiology are necessarilv 
obscure on occasion, 

'The first chapter deals with the vascular supply of 
the eve. The wide variety of vascular arrangements to 
ensure that the optic nerve and retina receive adequate 
blood supply are discussed, including the blood supply 
of the optic nerve in man. The comparative aspects of the 
intraocular fluids are discussed in the second chapter, 
and the extensive tables will be of value to workers in 
this field. 

The third chapter deals with the authors views 
concerning the mechanism of aqueous outflow based 
on  electron-microscopic appearances. Intermittent 
vacuolar transcellular pores are considered to be the 
fundamental mechanism of aqueous transport through 
the trabecular mesh work and many excellent photo- 
graphs are used to support this view. Chapter four 
deals extensivelv with the physiology of lens membranes, 
and a useful account is given of our present knowledge 
of the membrane structure of the lens. In chapter five 
the author discusses the methods whereby lens protein 
is examined and compared in different species. A 
valuable assessment of the method is given and the 
need for the consideration of other features, such as 
accommodation, which modify the properties of lens 
proteins is stressed. 

This book is of particular value to research workers 
who wish to have an easily readable account of the 
particular topics discussed. An extensive bibliography 
after each chapter also contributes to the ease of reference 
for further reading. R. FISHER 


Symposium on Retinal Diseases 
New Orleans, 6 to 10 March 1976 


The New Orleans Academy of Ophthalmology 25th 
Anniversary Symposium on Retinal Diseases, present- 
ing recent advances in diagnosis and management of 
vitreous surgery, diabetic retinopathy, and macular 
diseases, will be held in the Marriott Hotel, New 


Irish Ophthalmological Society 
Dublin, 29 to 30 April 1976 


The Irish Ophthalmological Society will hold its annual 
meeting in Dublin. The Montgomery Lecture will be 


Orleans. For further information write to Bonnie 
Crone, Executive Secretary, New Orleans Academy of 
Ophthalmology, 515, Audubon Building, 931, Canal 
Street, New Orleans, LA 70112, USA. 


delivered in 'T'rinity College on the afternoon of 29 April 
by Professor H. Harms of Tübingen. 


3rd Congress of the European Association for Maxillo-Facial Surgery 


London, 6 to x1 September 1976 


The 3rd Congress of the European Association for 
Maxillo-Facial Surgery will be held at the Royal 


.College of Surgeons of England, London. All topics 


relating to the field of Maxillo-Facial surgery will be 


covered. Application forms are obtainable from: 
Congress Secretariat, 3rd Congress EAMFS, 100 
Park Road, London NW: 4RN. 


International Symposium on Computer Assisted Tomography 


Bethesda, 12 to 15 October 1976 


An international symposium on computer assisted 
tomography in non-tumoural diseases of the brain, 
apinal cord and eye, sponsored by the National Institute 
of Neurological and Communicative Disorders and 
Stroke, will be held at the Clinical Center on the campus 
of the National Institutes of Health, Bethesda, Maryland, 


under the chairmanship of Giovanni Di Chiro, MD. 

Those interested are invited to submit detailed and 
documented abstracts (data, illustrations) by 1 August 
1976, to Giovanni Di Chiro, MD, National Institutes 
of Health, Section on Neuroradiology, Clinical Center, 
Room 2D13, Bethesda, Maryland 20014, USA. 


XXITI International Council of Ophthalmology 


Tokyo, 14 to 21 May 1978 


The main themes will be the pigmentary epithelium 
(including clinical and biochemical aspects and electron 


Obituary 


B. M. Chatterjee 


Professor B. M. Chatterjee died on 8 June 1975. A 
graduate from Calcutta Medical College in 1938 he 
became a Fellow of the Royal College of Surgeons of 
Edinburgh and England in 1953. He retired from the 
West Bengal Government Health Service as Professor 


microscopy), and ocular immunology. 


of Ophthalmology in 1971 and became an Emeritus 
Professor at the NRS Medical College, Calcutta. 
In 1972 he was made a Fellow of the American College 
of Surgeons. 
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PERSONAL VIEW 
An Anthology 


Since the feature started in 1968 PERSONAL VIEW has been 
one of the most popular pages of the British Medical Journal. A 
hundred of these have now been gathered together in an anthology, 
to which an introduction has been written by a noted PERSONAL 
VIEW contributor, Dr. Mahadeva of Ceylon, Sri Lanka. The 
subjects of the views contained in this anthology range from 
experience of practice all over the world to work as a school- 
teacher, the role of music in medicine, learning to be a farmer's 
wife, and running a fringe event at the Edinburgh Festival. 


Demy Octavo Paperback 302 pages 


ISBN 0 7279 0005 6 


Price £3:00 (U.S.A. $9.00) 
including postage 


Payment must be enclosed with order or a 


surcharge of 30p will be made for rendering invoices and statements 


ORDER YOUR COPY NOW 


From: The Publisher, BRITISH MEDICAL JOURNAL, BMA House, 


Tavistock Square, London WCIH 9JR, or through any leading bookseller 
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TRANSACTIONS 


of the p 
OPHTHALMOLOGICAL SOCIETIES 
OF THE UNITED KINGDOM 


Transactions of the Ophthalmological Societies of the United 
Kingdom, published since 1880 in a single volume, is now 
published in four separate parts as follows: 


I The Annual Congress of the O.S.U.K. (held in April, published 
in the Autumn) 


H The Oxford Congress (held in July, published in the Winter) 


IH The Cambridge Symposium on ‘The Eye in Connective Tissue 
Disease' held in September, published in the following Spring) 


IV Papers from the Irish, Scottish and and provincial societies, 
Reports from affiliated organizations throughout the world, 
and the Annual Index (published in the Summer) 


Volume price (4 parts): Inland £18-00; Overseas £20-00 (U.S.A. $49-00) 
Parts may be purchased separately. Price: Inland £6-00; Overseas £6.50 (U.S.A, $1620) 


The first part of Volume 95 was published Autumn 1975 


ORDER YOUR SUBSCRIPTION FROM: 


The Subscription Manager, 
Professional & Scientific Publications, B.M.A. House, 
Tavistock Square, London WCIH 9JR 
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Manhattan Eye, Ear and Throat Hospital 
and 
The Eye-Bank for Sight Restoration, Inc. 


Announce a Course on 


THE MACULA 


Friday and Saturday, March 26, 27, 1976 


Guest Faculty: 


Charles R. Beyrer, M.D. Arnall Patz, M.D. 

Jay L. Federman, M.D. Maurice Rabb, M.D. 
Kurt Gitter, M.D, Emanuel Rosen, M.D. 
Paul Henkind, M.D. Stephen J. Ryan, M.D. 
Johnny Justice, Jr. Howard Schatz, M.D. 


Francis A. L'Esperance, M.D. Myron Yanoff, M.D. 


Host Faculty: 


Brian J, Curtin, M.D. Jerome H. Levy, M.D. 
Yale Fisher, M.D. Donald M, Shafer, M.D. 
David B. Karlin, M.D. R. David Sudarsky, M.D. 


Course Chairman 


Lawrence A, Yannuzzi, M.D. 


LECTURES and SMALL GROUP WORKSHOPS 


The course covers the examination, histopathology, fluorescein angiography 
and treatment of the macula. Small group workshops wili provide individual 
instruction in photography, interpretation of angiograms, histopathology, the 
treatment of many vascular and choroidal diseases of the macula with photo: 
coagulation and other modalities, To take full advantage of this intensive 
course, registrants should be prepared for two solid days of hard work. 


Registration limited. 


Fee: $150.00 — $100 for residents with letter from DEREN Head. 
Includes luncheons and banquet. Make checks payable 
to MACULA. 


Place: Waldorf. Astoria Hotel, New York 
For registration and information, write: 


The Macula 
The Eye-Bank for Sight Restoration, Inc. 
210 East 64 Street, New York, New York 10021 


This continuing medical education offering meets the criteria for 15 hours 
of credit in Category 2 for the Physicians! Recognition Award of the 
American Medical Association. 


*ipusted by F. J. Parsons Ltd, Newspaper House, Ce New Street, Endon EC4P 4ER, Hanung and Folkestone 
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x -NOTICE TO CONTRIBUTORS 

pn * Communications Papers, which will be accepted on the understanding that they have not been 
Se + and xwill'not be published elsewhere and are subject to editorial revision, and books for review, 
thotld:be addressed to the Editor, British Journal of Ophthalmology, Institute of Ophthalmology, 
add Street, London WC1H 9QS. 

"The author should make adequate reference to previous work on his subject, and provide a full 
“summary of his observations and conclusions, 

>` Articles must be typewritten on one side of the paper only, in double spacing with ample margins. 
*,'" Only recognized abbreviations should be used. Authors are asked to submit two copies of the text 
: `. and references. 


Illustrations These should be marked on the back with the author's name and the top edge 
indicated. The author is advised to send prints of x-ray films which bring out the exact points to 
be illustrated. Photographs should be printed on glossy paper, and should be a little larger than 
the size desired for reproduction. The magnification of photomicrographs should be given. G raphs, 
charts, and tables should be presented on separate sheets apart from the text. Except letters and 
numbers, which should be lightly written in pencil, diagrams should be drawn in black ink on 


white paper. Glossy prints of diagrams should not he submitted. 


References In the text, the year of publication must follow the author's name, more than one 
paper by the same author in any one year being indicated by a letter (a, b, c) after the date. 
References should not be numbered or given in footnotes, but should be listed at the end in alpha- 
betical order of authors' names, as follows: Author's name and initials, year of publication (in 
parentheses), title of periodical (in italics, abbreviated as in World Medical Pertodicals, 4th ed, 
1968, BMA), volume number (bold type, Arabic) and first page number (ordinary type, Arabic), 
thus: 

Cowan, J. (1929) Quart. 7. Med., 22, 237. 

For books the authors’ names and initials, year (in parentheses), full title (in inverted commas), 
edition, and page number, publisher, and place of publication should be given in that order. 

References will not be checked by the editorial office; responsibility for the accuracy and com- 
pleteness of references lies with the author. 











Proofs Contributors will receive ONE proof, and should read it carefully for printers’ errors, and 
check the tables, figures, legends, and any numerical mathematical, or other scientific expressions. 
Alterations to the original text should be kept to a minimum. 


Reprints ‘Twenty-five reprints will be supplied free of charge. A limited number of additional 
reprints may be ordered from the Publishing Manager when proofs are returned. 


Copyright © 10976 by the British Journal of Ophthalmology. This publication is copyright under 
the Berne Convention and the International Copyright Convention. All rights reserved. Apart 
from any relaxations permitted under national copyright laws, no part of this publication may be 
reproduced, stored in a retrieval system or transmitted in any form or by any means without the 
prior permission of the copyright owners. Permission is not, however, required to copy abstracts of 
papers or of articles on condition that a full reference to the source is shown. Multiple copying of 
the contents of the publication without permission is always illegal. 


NOTICE TO ADVERTISERS 


Applications for advertisement space and for rates should be addressed to the Advertisement 
Manager, British Journal of Ophthalmology, BMA House, Tavistock square, London WC1H ofR. 


NOTICE TO SUBSCRIBERS 


Annual subscription rates including postage by surface mail are £24°00 in the United Kingdom 
and the Republic of Ireland, and {27:00 (USA $65°50) in all countries overseas. 

Payment for overseas subscriptions should be made in sterling, i.e. £27:00, and sent by Mail 
Transfer (Charges Remitter) through a bank, payable to the British Medical Association. Orders 
can also be placed locally through any leading subscription agent or bookseller. (For the con- 
venience of readers in the USA subscri ption orders, with or without payment, can also be sent to: 
BRITISH MEDICAL JOURNAL, 1172 Commonwealth Avenue, Boston, Mass. 02134. All 
inquiries, however, must be addressed to the publisher in London.) 


All inquiries regarding airmail rates and single copies already published should be addressed 
to the publisher in London. 
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SOT" OEPINA 


two strengths for flexi 
therapy. 









in two strengths, with 0.5% or 1% adrenaline, Isopto Epinal's* flexible dosage is an 
advantage particularly in the treatment of problem patients suffering from open-angle 
glaucoma. 


And patients will find application easy on the eye with the aid of the specially 
designed dropper 


Genres. Elective. 


: 7; The adrenaline drops you choose could bring tears to your patients’ eyes. But 
comit them with a more gentle solution and youll find stability diminished, the benefits 
short liv@d. 


Now it is unnecessary to sacrifice comfort for performance in the treatment of 
open-angle glaucoma 


With Isopto Epinal* the answer is clear Developed and distributed by Alcon 
Laboratories a name synonymous with confidence and quality, Isopto Epinal" combines 
effectiveness, comfort and stability in one clear solution 


Here to stay. 


Isopto Epinal's* increased stability means that, when used as 
directed, therapy can be completed without waste. without 
discolouration. The special antioxidant system protects against 
oxidative discolouration, eliminating many of the problems of 
adrenaline breakdown and giving maximum patient acceptance with 
minimum irritation. 
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\ Comfort without stinging. 


Thelsopto* vehicle — a hydroxypropyl! methylcellulose solution — pri n s an ideal 
soothing and emollient action with a comfortable PH matching that of the eye to give 
constant comfort without stinging or burning. 


And, by remaining in contact with eye tissue longer than aqueous vehicles, Isopto 
Epinal offers«a more potent adrenaline. 


EPINAL” - ONE OF A COMPLETE RANGE OF 
GLAUCOMA PREPARATIONS 


Research and experience puts Alcon out in front in glaucoma therapy. Along | with pra 
Epina * Alcon make and market these specialist products:— Isopto Carpine 0.5% ^ 
3%, 4% 6%, Isopto Carbachol 3%, Oratrol tablets Dichlorphenamide 50 mg (bx Pis di 100) 
Lyophrin — adrenaline bitartrate 2% (equivalent to 1% base activity) 





SCOPO EPINAL... 


World leaders in ophthalmic therapy 


OPHTHALMIC DIVISION, ALCON LABORAT — (U.K. B. 


Thorp Arch Trading Estate, Boston Spa, Wetherby, West Yorkshire. Tel: Boston Spa 8440 
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oA DERE 


get i4 


[Ora — 
.| dispensing 
| yesterday, 


today 
and tomorrow 


In 1842 Mr. William Hawes became the first 
"holder of an appointment to dispense 
spectacles to the R.L.O.H. (Moorfields 
Hospital). It was a clear mark of recognition 
for optical dispensing. 


. Today, over 130 years since this appoint- 
ment, the firm Mr. Hawes founded has a 
widespread reputation for the highest stan- 
dards in optical dispensing. 


Tomorrow the branches of Alfred Hawes & 
Son will continue to give individual service 
in the family tradition to the medical 
profession and patients. 








Branches 

Chislehurst: 01-467 4433 Leatherhead: 537 3157 

Croydon: 01-688 5779 Lewisham: 01-852 2245 

AND SON Dorking: 0308 3187 Romford: 70 42208 

itai Oitiegs Um bode hse E Citham: 01-850 4325 3t. Paul's Cray: 01-300 4803 
EG3A 3DL. Telephone 01-283 4538 Godalming: 048 68 22088 Walthamstow: 01-520 5206 
West End Branch: 81 Marylebone High Street, Guildford; 0483 4911 Woking: 048 62 60944 
London WiM 3DE. Telephone 01-935 7852 ford: 01-554 5825 Walton-on-Thames: 98 21832 
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.. British Journal of 


Ophthalmology 
on MICROFICHE 


Since January 1976 the BRITISH JOURNAL OF OPHTHALMOLOGY has been 
published in a microfiche edition simultaneously with the standard paper 
edition. Overseas subscribers to the microfiche edition will receive microfiches, 
by AIR MAIL, within days of publication. The availability of the microfiche 
edition should have great appeal to libraries and other readers far distant from 
the United Kingdom. 


The microfiche produced for the British Medical Association conform to 
the international standard as laid down by the National Microfilm 
Association of America. These microfiches are produced by a step and 
repeat camera with duplicates produced on silver halide film for 
archival permanence. Each fiche measures 105mm = 148mm and can 
contain up to 98 images filmed at a reduction ratio of 24 x along with 
an eye readable title for identification. Details of microfiche volume 
binders are available on request. 


The subscription prices for each annual volume on microfiche are as follows: 
For subscribers to the paper edition £13.50 (U.S.A. $27.00) 


For those who do not subscribe to the — £20.25 (U.S.A. $40-50) 
paper edition 


Volume 59, 1975, is also available on microfiche at these rates 
Orders for the microfiche edition of this journal can be sent to: 


The Publisher, BRITISH JOURNAL OF OPHTHALMOLOGY, B.M.A. House, Tavistock 
Square, London WC1H 9JR. Readers in the U.S.A. can order from; BRITISH MEDICAL 
JOURNAL, 1172 Commonwealth Avenue, Boston, Mass. 02134. 
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TX NT /— —— 
Melson Wingate Ltd 
31 ABBOTT ROAD, BOURNEMOUTH (0202) 512311 AND 40 BRANCHES i 


| > 


VOCATIONAL LENSES 


This comprehensive range of Multifocals, Tints, and special Lenses is 
available for demonstration to patients in all our branches. 

















We shall be pleased to send, on request, an 
illustrated pamphlet of micro Surgical instruments. 








DIXEY INSTRUMENTS LTD. 
19 WIGMORE STREET LONDON, WIA 4DU 
Telephone 01-580 1713 
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Now avalcbEe fom London Williamson 


of proven design and Topcon quality EF 










Topcon's new SL-3 slit lamp combines a proven mechanical 
design with superior illumination, precise slit adjustment, 
and unexcelled optical quality. The result is a reliable slit 
lamp that is exceptionally versatile and easy-to-use 

Consider these advantages of the SL-3 before making any 


decision to purchase a slit lamp: 


Sharp, bright slit image can 
be continuously rotated. 
Image features continuous 
rotation capabilities from 
0-180*. or can be click. 
stopped at 0°, 45°, 90° 
135°, and 180° 


Viewing of horizontal 
sections 

The horizontal slit beam 
may be inclined up to 20° 
from the axis of observation 
by tilting the illumination 
system. Permits obtainment 
of horizontal sections 
which are particularly 
useful in gonioscopy and 
fundus examination 


Adjustable slit length and 
width 

The slit length is 
continuously variable from 
1 to 8mm, or click-stops at 
8mm, 5mm, 3mm, 2mm, 
1mm, or pinhole size. Slit 
width is also 

continuously variable from 
0 to Bmm 


Easy filter adjustments 
Four filters can be easily 
inserted into the light path 
cobalt blue, red-free, heat 
absorption and neutral 
density 


Magnification easily 
adjustable to 10X, 16X, 
or 25X 

When 10X eyepreces are 
used, lever on microscope 
allows magnification 
increase to 16X, without 
relocusing. With standard 
accessory 16X eyepieces 
magnification can be 
increased to 25X 


im. 



















































Hruby lens is standard 
accessory 

When attached to the guide 
plate, the Hruby lens ts 
coupled to all movements 
of microscope while lens 
itself maintains same 
distance from the cornea 
Useful for fundus 
examination 


Exclusive fixation device 
A special fixation marker 
can be focused to the 
individual patient s 
refraction 





several option 
accessories 
including tne 
famous Goldma 
Applanatior 
Tonometer for 
easy attachment 


The Topcor 
also offers 





the new TOPCON SL-3 5t Omo 








Available for prompt delivery from: 


London Williamson Limited 

Head Office, Stock and Instrument Divisions 

32a-37 Cowper Street, London EC2A 4AR. Tel 01-253 0455/4133 
Prescription and Single Frame Division 

Stapleton House, Clifton Street, London EC2A 4HL. Tel.01-739 2861 


London Optical (Scotland) Ltd 
Clydeway Industrial Centre 

8 Elliot Place, Glasgow G3 BEP 
Tel 041-221 0965/6 
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- ORTHOPTIST- Ireland 


Sligo General Hospital 


Applications are invited from suitably qualified persons for the post of 
Orthoptist based at the Ophthalmic Unit in the above hospital. 


This is a new post and the successful applicant will be involved initially in 
the setting up and equipping of an Orthoptic Department for the new 
Ophthalmic Unit. The Unit serves the North Western region of the 
Republic of Ireland and is a fully equipped surgical unit. 


Application forms and further details may be obtained from the Personnel 
Department, North Western Health Board, Manorhamilton, Co. 
Leitrim, Ireland. Phone: Manorhamilton 123 or from the Con- 
sultant Ophthalmic Surgeon, Ophthalmic Unit, Sligo General 
Hospital, Co. Sligo, Ireland. Phone: Sligo 071- 2161. 
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NorthWesternHealthBoart 


Histocompatibility and Rheumatic Disease 


The Proceedings of a Symposium organized by the Heberden Society 





pa 
rra I, 




















Edited by Derrick A. Brewerton 


Speakers and Additional Discussants @ Ankylosing spondylitis and HL-A 27 @ Identification of 
HL-A antigens by serological criteria @ Mixed lymphocyte reaction stimulation antigens, their 
detection and relation to disease, and other markers of the major histocompatibility system @ The 
HL-À system and its association with immune response and disease @ Disease predisposition im- 
mune responsiveness, and the fine structure of the HL-A supergene. A need for reappraisal @ Family 
studies indicating genetic factors in rheumatic disease & Reiter’s disease and HL-A 27 e HL-A 27 
in reactive arthritis following infection & HL-A 27 and the spondylitis of chronic inflammatory 
bowel disease and psoriasis @ HL-A 27 and acute anterior uveitis @ HL-A antigens in juvenile 
chronic polyarthritis (Still's disease) @ Family studies on ankylosing spondylitis @ Family 
studies @ Aberrant immunity in W27-positive rheumatic disease & Lymphocyte function in 
ankylosing spondylitis @ Brief Clinical Reports @ HL-A 27 and ankylosing spondylitis. A family 
study @ Behcets disease @ Circinate erosive balanitis @ Panel Discussion & Concluding Re- 
marks @ Bibliography 


Price £2.50 (U.S.A, $7-50) including postage 


ORDER FROM: The Publishing Manager, Annals of the Rheumatic 
Diseases, B.M.A. House, Tavistock Square, London WCIH 9IR 
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MICRO-POINT* 


spatula 
needles. 


We've given you the 
sharpest ophthalmic needles vet. 

So flat and strong they pass 
smoothly through the tough tissue 
of the eye—without undue force or 
disruption. 

And more. 

A ‘side-cutting’ action that 
reduces risk of any perforation of 
the anterior chamber. 

Location of cutting edge 
and curvatures of needle tailored to 
meet the specific needs of every 
ophthalmic suturing technique. 

And finally outstanding 
reliability and quality that 
ensures you use a perfect needle 
every time. 

© MICRO-POINT’ Spatula 
Needles—the product of experience. 
Yours and Ours. 


FTHICON 


When the difference 
is between being sure and being 
absolutely certain. 
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suction infusion tissue extractor | 


A unique instrument for intraocular surgery 
.. available soon from: 


K Keeler 


| 21-27 Marylebone Lane, London W1M 6DS. 01-935 8512 
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This slit lamp 
has the inclination 
to assist. 





The TOPCON Slit Lamp, Model SL-3, i 


compactly-designed instrument, of high perfor 





mance and great operational ease, for the 
comprehensive examination of the anterior 
camera ocular and vitreous body, including 

slit lamp microscopy of the posterior vitreous 
humor and stereoscopic ophthalmoscopy (with 


the Hruby lens). 


The slit image can be varied infinitely, or the 
width from 0 to 8mm and the length from 1mm 
to 8mm. Aperture diaphragms also produce six 


different lengths. 


The slit lamp can be rotated horizontally through 
180 with or without the microscope arm, and 
the slit image can be rotated through 90 in bott 
directions, from the vertical to the horizontal, 
with click-stops at the vertical, oblique and 


horizontal positions. 


XK The slit illumination can be inclined up to 20 
of the vertical for gonioscopy and fundus exam 


ination of horizontal optical sections. 


The slit illumintion can be displaced from the 





center of the field, for producing indirect 
illumination, retro-illumination, scleral scatter, 
etc. 


Tw FOR MORE DETAILS: Tel. 01-935 8512 


Keeler Instruments Ltd 


21-27 Marylebone Lane, London WIM 6D5 
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Tanderil? eye ointment 


» d 
= 


Tanderil? eye ointment achieves 
anti-inflammatory effectiveness 


— without the risk of enhancing 
viral replication or bacterial 
invasiveness 


~ without adversely affecting 
intra-ocular pressure or lens 





metabolism 
"EG a j 

Tanderil® eye ointment Geigy 

Each 5G tube of ointment contains 4-butyl-2- Detailed literature 

(4-hydroxyphenyl)-1-phenylpyrazolidine-3. describing any Geigy 

5-dione monohydrate (Oxyphenbutazone B.P.) product will be supplied on 

10% in special greasy base. request, 

i Geigy Pharmaceuticals 

Macclesfield, Cheshire 
SK10 2LY. . 
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THE PHILLPOTTS EYE SHIELD 


The Phillpotts shield 
is a real advance 
on the Cartella shield. 


It is made for either 
the right or the left eye 
with à 
-10 or — 14 lens. 





Following cataract extraction there are occasions when it is desirable soon to restore some 
vision, in addition to protecting the operated eye before the patient leaves the operating table. 
This is particularly the case in uniocular patients who may develop post-operative occlusic- 
mania. 

The Phillpotts shield is designed to fulfil these conditions. 

It is of clear coloured material with an aphakic correction before the eye. There are à 
number of ventilation holes and it is fixed to the face with transparent sellotape. It is so 
shaped that it is practically impossible for a finger to be inserted underneath and it does not 
touch the lids or lashes. The edges are smooth and comfortable. 

After use the shield can be washed with soap and water and a soft brush or sterilised, 
if desired, in 0-5",, of Hibitane in 70",, alcohol. 

Owing to its peculiar design it fits comfortably on any orbit from childhood to old age 
It is intended to be used at an earlier stage than it is safe to use Temps. 

References: Phillpotts, J. S. Transactions of the O.S.U.K. 1968. 

Transactions of the Ist South African International Oph- 
thalmic Congress 1968. 





For information on RAYNER Test Type Cabinets, Ophthalmic Instruments 
and British Standard Trial Cases, please contact Frank Cornish: 


THE RAYNER OPTICAL COMPANY LTD 
17 Lorna Road, Hove, Sussex BN3 3EP 
Tel: Brighton (0273) 732484-778331/2 Telex: 87323 (FSI Brighton) Rayneropt 
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g opnTHaLmoLoey | COLLEGE OF 
um men ne S| OPHTHALMOLOGISTS 


MOORFIELDS EYE HOSPITAL 











OPHTHALMOLOGISTS CONSIDERING 


General and Special Courses in the various aspects of ophthal- EMIGRATION to Australia are invited to 
mology take place throughout the vear. The General Course 


l i , write to the College. An officer of the 
includes Sciences basic to ophthalmology, Methods of Examina- 


tion and Clinical Demonstrations. The Special Courses include College will visit Great Britain during 
the following topics: Orthoptics, Contact Lenses, Immunology, April 1976, and arrangements could be 


C Sital Jisease ic s sry. » N 
?rbital Disease and Microsurgery made for anyone interested to meet with 


For further particulars apply to the Dean. him. Please write. with personal and 


EXAMINATION OF PATHOLOGICAL OPHTHALMIC SPECIMENS professional history to: 


The Department of Pathology of this Institute will examine and 


report on certain specimens sent by Ophthalmic Surgeons. The Executive Secretary 


Specimens sent from Hospitals for further examination should be Australian College of Ophthalmologists 
sent through the particular Hospital Pathologist. 27 Commonwealth Street 

For particulars apply to the Director of the Department of SYDNEY. 2010. AUSTRALIA 

Pathology. 





BRITISH JOURNAL OF OPHTHALMOLOGY 
Vol. 56. No. 3, March 1972 
First Cambridge Ophthalmological Symposium 
Perrers Taylor Memorial 1971 
( Chairman: Hans Goldmann) 
(Editor: P. G. Watson) 


Glaucoma 


The March issue is devoted to the first annual 
symposium held under the auspices of the Uni- 
versity Medical School, Cambridge, England. 


Pathology and diagnosis 
D. R. Anderson, R. C, Tripathi, S. S. Hayreh, 
S. M. Drance, R. F. Fisher, G. L. Spaeth, 
N. Vacharat, K. T. Richardson. 


Manifestations of glaucoma 
and hypertension 
P. A. Graham, S. M. Drance, H. Goldmann, 


C. L Phillips, R. Etienne, B. Jay, J. Hethering- 
ton, R, J. Simmons, 


DIPLOMA IN 
OPHTHALMOLOGY 


Are you preparing 
for this examination? 


We specialize in postal preparation 


Qur new course should help vou pass 


Write for details ta: 


Medical Correspondence College 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


p PI Treatment 
Pe cua K. T. Richardson, S. J. H. Miller, G. D. and 
Rickmansworth, Herts. G. Paterson, N. S. C. Rice, P. G. Watson, 


R. J. H. Smith. 
Single copy price £3:00 (U.S.A $9-00) 
including postage 


ORDER FROM: British Journal of Ophthal- 
mology, BMA House, Tavistock Square, London 
WCIH 9JR, or through any leading bookseller. 


Telephone: Rickmansworth 79478 


( Accredited by the Council for the 


Accreditation of Correspondence Colleges) 


Masses RM M ————————————— RR 
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Constant cont 
in glaucoma 


simple, acceptable, convenie 
- and well tolerated 


sustained-release 
capsule 


p T indormation i is available irom: : 


Fareham Road, groet Hants am 30AS 
* Registered trademarks 
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30 WIDE ANGLE 


OPHTHALMOSCOPE 


In experienced hands conventional ophthal- The Nikon Wide 30 solves this problem. 
moscopes can be used in Retina examinations Capable of Retina examination not only 
without dilating the pupil. Allowance must through a tiny pupil, the Wide 30's flexibility 
be made however, of the narrow field of view also enables full dilated pupil examination 
and of the difficulty of detectingrelativespots. with all its inherent benefits. 


The PROJECTINA 
Co. Ltd. skewonur avnsuinE 


TELEPHONE: 0475 5211/35* TELEX: 779075 
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SURGICAL 
INSTRUMENTS 





59G | 


No. 59G 

Goniotome Needie Blade 

a 1.6mm Gonictomy Blade. 

No. 59 Too em os PE] ses | 
Needle Blades < ADIE Mee 






in three sizes 3mm-5mm or 7mm for needling | T 


procedures and other dissections aided by .. 


SOM Aeau) SOME 


magnification, i e — BOL ENDS 

i SS 9912240.) BOL 
Nos. 62, 64, 65, 67 - . 62 RUNS 62 
Mini Blades as S62 exiguo] 
These are the blades designed specifically 
for fine surgical procedures. Ideal for corneal _ . Om B4 heao] $4 


scleral work under the microscope. 


Ce €... 65 heun) 65 
as 67 kenga RO | 57 : 


No. 63 = HET dO] i 
Spear Blade | Cm 635p. 63 


this is recommended for procedures where | 
lateral cutting motion is limited but desired 
and a "stab" incision is mandatory. 





No. 66 i ON 661955] 66 


naaa n E VE Ree 
re sirru raran tN A At 


Lamellar Blade : : 
particularly useful for split thickness corneal -~ | N BENT 609 


or scleral procedures. 


No. 66F HE Gui __68F heag]  66F 
Fiat Lamellar Blade 

alternative to 66 when preferred. 

No. 69 2 TES] 69 


Groove Blade HER 
this is suggested for use in procedures when: 
depth of incision is critical, the blade can be- 
moved from side to side enlarging and - 
deepening the incision with great control. | | = a 





No. 3K 3K 
34” Long 

Knürled Handle 

No. 3H C = o —] 3H 
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Simply operated: Insert blade into chuck until it will go no mothe then twist to tighten. 


< | Keeler Instruments Ltd telephone 01-935 8512 
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In the management of the dry eye 
and idiopathic ocular discomfort... 


Theclinician can prescribe conventional wet- 
ting agents or Adsorbotear'", a tear substi- 
tute containing an effective ocular wetting 
agent. Only Adsorbotear, because of itsunique 
ophthalmic vehicle — Adsorbobase'** — can 
meet the following criteria: 


e Lower the surface tension of water 
and the tension at the water-lipid 
interface. 


e Adsorb on the hydrophobic corneal 
epithelium converting it into a hydro- 
philic surface. 


e Facilitate optimal corneal wetting and 
uniform tear dispersion. 


e Provide prolonged duration of relief 
—up to 4 hours or longer- in the treat- 
ment of dry eyes due to mucus or 
aqueous tear deficiencies. 
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$ 
2 Z 
SEF 
> 


X 


Description: Adsorbotear solution is a sterile, 
tear-like ocular lubricant (and wetting agent) 
consisting of Adsorbobase 
(polyvinylpyrrolidone 1.67% with BP water- 
soluble polymers) and 0.44% 
hydroxyethylcellulose, as a viscosity agent, 

in a buffered isotonic solution. Preserved with 
Thimerosal (Liliy) .002%, and EDTA .05%. 


Indications: Temporary relief for dry 
conditions of the eyes—and related ocular 
problems. Adsorbotear has proved particularly 
useful in the treatment of dry eye conditions 
when there is a deficiency in conjunctival 
mucus or natural tear production. 


Administration: One or two drops of 
Adsorbotear to the eye(s) three times a day 
or as needed, 


Supplied: In 15cc, sterile dropper vials. 


sess ADSORBOTEAR™ 
TEAR SUBSTITUTE 


BURTON, PARSONS CHEMICALS (UK) LTD. 
Lower Street. Cavendish, W. Suffolk. 
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Each panel is fitted with tour quick-release knobs 
enabling easy cleaning and lamp replacement. 

The mirror and added septum assembly ensures 
accuracy in recording. 

The chin rest is adjustable in both horizontal and 
vertical planes. 

Where wall fixing is not practicable a free-standing 
floor unit with adjustable feet and useful cupboard 
space is now available. 

The Lees Screen is complete with foot-switch, set of 
Hess diagnostic charts, recording charts and pointers. | 
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ONIY 
TWO DROPS 
DAILY 


In simple glaucoma, 
Phospholine lodide has the 
considerable advantage of 
being /onger acting with a 
lower dosage. A maximum 
of only two installations a 
day is all that is normally 
required. 


Now available in 0.03%, 
0.06%, 0.125%. 0.25% 
solutions. 


For fu technical information please 
contact 

Ayerst Laboratories Ltd, Forge Court. 
Yateley, Camberley, Surrey 

Tel: Yateley 872021 





( Ecothiopate Eye Drops B.N.F.) * Registered Tiade Matk 








THE PTG 


THE FIRST tonograph which measures intraocular 
pressure by applanating the eye ... the Alcon 
Applanation Pneumatonograph. It also brings a new 
dimension to the rapidly developing field of ocular 


pulse studies. 


The Alcon Applanation Pneumatonograph 
encompasses the following unique features: 


L.] Soft tip, self-aligning 
applanating sensor 


L] Accurate recorder 
reading directly in mm Hg 


[| Remotely positionable 
digital display 
L] Modular Design... 


allowing for expansion of 
system 


L] Two or four minute 
tonography 


[] Heat stylus ...no ink 
required 


: The sensor mechanism on the Alcon 


Applanation Pneumatonograph Is 
easily cleaned without disassembly. 
Since no electricity is present in the 
sensor, tonometry or tonography 


< may be performed on electrically 


susceptible patients. 
The Alcon Applanation 
Pneumatonograph is... exciting... 


- versatile ... and opens a new horizon 
.: for glaucoma management. 


. FORFURTHER INFORMATION 

.. APPLY:— OPHTHALMIC DIVISION, 
. ALCON LABORATORIES (U.K) LTD., 
|. THORP ARCH TRADING ESTATE, 

.: BOSTON SPA, WETHERBY, 

. WEST YORKSHIRE, 


ENGLAND. 


. Tel Boston Spa 844007 
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Fischer 

microsurgical instruments 
have those not to be 
forgotten qualities 


All we ask is that you try Fischer microsurgical 
instruments for yourself. Their superb ) 


balance and feel will leave a lasting E 
impression; and convince you l 
far better than words can 4 
that there are none finer. : 

Io arrange for a trial of 


Fischer instruments 
nng 0702 610381/2 
or 610461/2 


/" KEYSMED 


specialised medical equipment limited 
KeyMed House Stock Road 
Southend on Sea 5S2 5OH 


KeyMed will replace any instrument of any manufacture with 
a new Fischer microsurgical instrument at the KeyMed 

current list price less 12'/2%. Send your beyond repair 
instrument with your order specitying which microsurgical 
instrument you would like in replacement Delivery excellent. 











Eye physician 


SIMON BEHRMAN 
Lendon 


Two hundred years ago—in the autumn of 177 5— : : 
William Charles Wells sailed from Carolina to — 
England. Wells explained his departure from xc 


America as follows: 


A paper, called ‘An Association’ had been offered = 
for signature to all the male inhabitantsof Charlestown degree of doctor in medicine in 1778, there followed | 
above sixteen years of age. The subscribers to this ` 
bound themselves to obey implicitly certain authori- < 
ties unconnected with the government of the country. 
I was one of the very few who refused to put their. 
names to it. I was determined that my entrance into 


manhood should not be marred by what appeared - 


to me an act of treason and rebellion. I was conse- 
quently obliged to leave Carolina. 


Wells was met by his father 


whose conduct as a printer of a newspaper in Charles- ` 
town had become extremely offensive to the people = 
of Carolina from his constantly maintaining the |. 
cause of royalty, and who found it prudent (a few | ~ 
years earlier) to leave that country and to return to. 


Great. Britain. 


Shortly after arriving in England young Wells _ 
went to Edinburgh to begin his medical education. | 
The memoir, which Wells wrote at the end of . 
his life, and his other writings are a rich source of 


biographical: material (Wells, 1818). 


| statement: 


I was born in Charlestown, South Carolina, in May 


1757, being the second son of Robert and Mary 


Wells, both natives of Scotland. 

He tells us that at the age of 14 years he was 
. placed as an apprentice with Dr Alexander Garden, 

the chief practitioner of physic in Charlestown, 

who was also a well-known naturalist. Among the 
many plants indigenous to America which Garden 
had sent to Europe was a 
wished to have named after himself-Gardenia. 


As this name had already been applied to a Cape E 


J asmine, Garden had to make do with Gordonia. 


Club, London, in November 1975 


^ A ddréss. for teprints: Simon Behrman, FRCP, MRCS, 33 Harley T $ 


on Street, 1 London WIN IDA 
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species of magnolia he 






by the King’s forces, I went to East Florida. 
This. paper is based on a communication made to the Eye Physic e 


\ Alliam Chades Wells, 17 57- 817 





‘In the War of Independence Garden had supported 
the views of Great Britain and because of his 
. loyalty he too had had to leave New England. In 


1783 he settled in London in Cecil Street, Strand. 
After passing the 'preparatory trials" for the 


in Wells's life years packed with adventure which 
only abated in 1785 when he returned to London 


and ‘had the name of Dr Wells affixed upon the 


door of the lodging which I had hired". 
In 1779 he was offered and accepted a surgeoncy 


in a Scottish regiment in the service of Holland. 


For some time I felt myself pleasantly situated in 
the regiment, but the colonel who had been promoted 
to his command, merely from being an officer in the 
Dutch guards and bearing a Scotch name, Hamilton, 
but scarcely able to speak English, soon began to 
find fault with my. conduct and in consequence 
confined me several times in a military prison. ‘This 
behaviour, it may well be supposed, ‘could not be 
borne by a high-spirited Englishman. 1 therefore 
resigned my commission and upon the very day of 
receiving my dismissal from the service, I attacked 
him openly in the street, and dared him to fight me; 


| to seize me and carry me to prison. 


"The memoir begins with the following bare 00 When a few days later it was established that 


surgeon Wells was no longer an. officer in the s servic 


: he was fee 





of my father's fortune. While there, thoi 
by my profession from military calls, — 
offer of my personal services to the co 
the town and was appointed an officer. 
| volunteers who p perorang a D ad 


k ee süch aid. When P was sus 


after my arrival there, apprehension being. enter- 
tained for the safety of the province, T requested . 
permission from the governor to assist in its defence 

and I received from him the command of a Company 








“he became furious and ordered a file of tangira Zu 
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of volunteers. In 1783 I received a letter from my 
father in which he requested me, now that prelimi- 
naries of peace were signed, to go again to Carolina 
for the purpose of looking after his affairs. I accord- 
ingly went to Charlestown, furnished with a flag of 
truce which in previous intercourse between the two 
countries during the war, had always been regarded 
as a sufficient security against any attempt upon the 
liberty of the person who bore it. Immediately upon 
my arrival in Charlestown I was arrested. I refused 
to give bail on the ground that this would be deserting 
the security I had obtained by the flag of truce. My 
refusal proved most fortunate. For the night after 
my committal to prison a numerous mob assembled 
before the house in which I had been staying, de- 
manding that I should be surrendered to them. 
I remained in prison upward of three months during 
which time I was robbed by another prisoner, and in 
consequence of my complaint of this, was most 
grossly abused by my jailor in a publication which 
began thus: ‘William Charles Wells, a political 
sinner of the first magnitude in this land, and now 
suffering but a very small proportion of those pains 
and penalties which his high crimes and misdemen- 
ours have so justly deserved, in the common gaol of 
this metropolis’ etc. Nature had not formed, nor 
education. trained me to submit with silence to 
oppression. By means of money I got a letter inserted 
in one of Charlestown's newspapers. 


"Charlestown 

in Gaol 

July 17 1783. 
For a freeman to be deprived of his liberty, and 
lodged in a common gaol; to be kept constantly 
locked up in a room whose ceiling is in that con- 
dition that the rain pervades it in every shower, 
sometimes in such quantity that it must be carried 
out in pails, and whose only window which is not 
being glazed, obliges him to exclude the cheerful 
light of day, at the same time that he shuts out the 
storm; lastly to be without friends whom the 
dread of popular resentment prevents from visiting 
him; if these sufferings are but a small portion of 
what he is to bear he can look forward to nothing 
but death. Grant him but the choice of the mode, 
and he will thank Heaven for the opportunity of 
demonstrating his attachment to his sovereign’. 


A government vessel then arrived at Charlestown 
bringing a commissioner to demand my release. As 
soon as this affair was terminated I embarked with 
the commissioner in the vessel which had brought 
him to Charlestown and proceeded to St Augustine. 
"The master ran his vessel aground upon rocks which 
had previously occasioned the loss of many vessels. 
She immediately bulged, and lost her mast and it 
was expected that her deck would separate from her 
ribs and be carried out to sea. With some other of 
the passengers, I had stripped myself completely 
naked and lashed myself to the capstan in order not 
to be washed away by the waves. The wind, however, 
became moderate and the accident which was dreaded 
did not happen. 





A few hours after he was taken off the rocks 


the vessel went entirely to pieces. | 
I embarked at St Augustine for Great Britain in the 
month of May 1784. 


In the following year Wells established himself in 
Serjeants' Inn, Fleet Street. 


I soon found that I was a good deal unfit for early 
success in my profession in London; for I enter- 
tained a very high notion of its dignity, and felt a 
great contempt for most of the apothecaries with 
whom 1 became accidentally acquainted; in conse- 
quence Í passed several years almost without taking 
a single fee. In 1790 I was fortunately chosen as one 
of the physicians to the Finsbury Dispensary; for I 
was now furnished with the means of studying medi- 
cine practically and received from the institution a 
gratuity of {50 annually. In 1795 I was elected 
assistant physician to St Thomas’s Hospital, and in 
1800 I became one of the physicians of it. 


The quotations presented from his writings 
reveal Wells as a high-minded person who was also 
impatient and impetuous. He himself admitted to 
having a temper which was 'passionate and violent'. 
Wells noted another feature of his character: 'a 
practice of swearing when my feelings have been 
agitated and even sometimes when no excuse of 
this kind has existed'. Wells attributed this practice 
to which he was given since childhood, to the 
fact that he had lived up to the age of 11 years 
'close upon the harbour of a large sea-port in 
America and by this means associated much with 
blackguard sailor boys’. This life-long tendency to 
compulsive utterances, often unprovoked, has 
some affinity to Gilles de la Tourette’s syndrome. 

Wells was admitted into the Royal Society one 
year after the publication in 1792 of his Essay on 
Vision. Wells, as well as his medical contemporaries, 
regarded it as a major contribution to science. 
Even as recently as 1928 (James, 1928) the essay 
was published almost in its entirety. The only 
comment made at the time was: ‘Wells is chiefly 
to be remembered for his essay on single vision 
with the two eyes'. 

Wells began the second part of his essay by 
stating: 'accidents often lead to discoveries which 
reason alone might not easily have reached'. He 
stumbled upon the discovery while carrying out 
numerous experiments on himself involving the 
induction of binocular after images. This involved 
looking steadily for some time at a flame of a candle 
so that when the gaze was then directed upon a 
white object, a coloured spot appeared upon it. 


I shall now relate some observations respecting 
the apparent directions of the spot. 

1. The spot is always seen single, whether the 
surface, upon which it is projected, be touching the 
face or at the greatest distance from us. The fact 
indeed is so open to observation that I should 







scarcely have thought of mentioning it had n 


Dr Darwin lately told us that the spot is seen __ 











double as often as the eyes are directed to an object 
more or less distant than the luminous body which 
gave rise to it. I shall only say, that I have made the 
experiment, I believe, upward of an hundred time: 
uniformly with same result. | 

2. The spot not only appears single in every ord 
nary position of the optic axes, but cannot even 
made to appear double by any means whatsoeve 
If it be projected, for example, upon a piece of whi 


paper on pressing one eye upward or downward or 


to either side, the spot will appear single and to | 
possess its former place on the paper, as seen by the. 
eye, which is not disturbed. Before I knew the result 
of this experiment, I had imagined, that, the position _ 
of one eye being forcibly altered, the external situa- ..— 
tion of the spot would likewise be altered and de | 
spot by consequence be seen double. | 


The third part of his essay is devoted to "m 
formulation of a theory to explain these observa- 
tions | 


which reason alone might not have reached. 


The ingenious theory need not be subjected to 
further scrutiny since the clue to Wells's prepos- 
terous observations is to be found in his | 


‘Experiments and observations on several subjects in 
optics’. 

The vision of my left eye becomes imperfect if 
the object be moved to a greater distance than that. 
of nineteen inches. I have by my right eye impertect . 
vision of all objects unless their distance is so great 
that the rays proceeding from them may be regarded: 
as parallel. i 


There is, therefore, evidence of anisometropia: 
of the type favouring the development of alter- 


nating vision, so that his right eye would have been | e. 
used for distant vision and the left for near work. =- 


This functional defect would, of course, explain 
the absence of diplopia in the experiments he 
| described. : 

It must be emphasized that, utilizing the same 
technique of binocular after-images, Wells made 
some extremely important observations. 


During a slight fit of giddiness I was accidental 
seized with, a coloured spot occasioned by looking 
steadily at a luminous body, and upon which 1 
happened at that moment to be making an experi- 
ment, was moved in a manner altogether independent 
of the positions of my eyes. I again produced the 
spot by looking some time at the flame of a candle; 
then turning myself round till I became giddy, I. 
suddenly discontinued this motion, and directed ` 
my eyes to the middle of a sheet of paper fixed upon 
the wall of my chamber. The spot now appeared 
-upon the paper, but only for a moment; for it imme- 
diately after seemed to move to one side, and the 
paper to the other, notwithstanding I conceived the 

position of my eyes to be in the meanwhile unchanged 
"To go on with the experiment, when the paper and 
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William Charles Wells, 17 "—— 7 E i 


spot had proceeded to a certain distance from each 
other they suddenly came together again; and this 
separation and conjunction were alternately repeated 
a number of times; the limits of the separation 
gradually becoming less till at length the paper and 
spot both appeared to be at rest and the latter to be 
projected upon the middle of the former, I found also - 
that when I had turned myself from left to right, 


the spot moved from left to right; but when I had zu 


turned from right to left the spot would move from 
right to left. | 
These are observations which represent accurately 
the oculogyric illusions upon deceleration after 


rotation. 


I observed these appearances while I stood erect. 
When, however, I inclined my head in such a manner 
as to bring the side of my face parallel to the horizon 
the spot and paper would then move from each other, 
one upward and the other downward. But all these. 
phenomena demonstrated, that there was a real 
motion in my eyes at the time I imagined them to be 
at rest. 


Among the problems of visual perception which. 
engrossed Wells was Priestley's observation that 
‘common air brightens the colour of blood’. 
Wells questioned Priestley’s opinion that blood was 

fitted both to imbibe and to part with phlogiston, 

becoming black when charged with this principle 
but highly florid when freed from it. 

Wells conjectured that the change im colour 
must be due to some change in the state of the 'red 
globules’ of the blood. Wells proposed that the 
colour of the blood ‘brightened’ as a result of a 
change analogous to that which occurred —— 

to cinnabar in making vermilion. This pigment, it 

is known, is formed from cinnabar merely by sub- 

jecting it to a minute mechanical division. But the. 


effect of this division is, to interpose among its 


particles, an infinite number of molecules. of 
which. now abe: as luu Ede ene 





appearance e is Aed between those ERA ics 
of the same chemical body (Wells, 1797). 


Wells communicated his most important dis- . 
covery to the Royal Society on 4 July 181: (Wells, 


I was consulted upon a disease of vision, which, as — 
far as I know, has not hitherto been mentioned by 
any author. The subject of it was a gentleman about 
35 years old. About a month before 1 saw him, he 
had been attacked with a catarrh, and as this was 
leaving him he was seized with a slight stupor, and 


a feeling of weight in his forehead. He began at the —.— 


same time to see less distinctly than formerly with 
his right eye, and to lose the power of moving its — 
upper lid. The pupil of the same eye was now also - 
observed to be dilated. In a few days, the left eye. E 
became similarly affected with the right, but in a less 
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degree. Previously to his present ailment his sight 
had always been so good, that he had never used 
glasses of any kind to improve it. On examining 
his eyes myself, I could not discover in them any 
other appearance of disease, than that their pupils, 
the right particularly, were much too large, and that 
their size was little affected by the quantity of light 
which passed through them. At first, I thought that 
their dilatation was occasioned by a defect of sensi- 
bility in the retinas; but I was quickly obliged to 
abandon this opinion, as the patient assured me, that 
his sensation of light was as strong as it had ever 
been during any former period of his life. I next 
inquired whether objects at different distances 
appeared to him equally distinct. He answered that 
he saw distant objects accurately, and in proof told 
me what the hour was by a remote. public clock; 
but he added that the letters of a book seemed to him 
so confused that it was with difficulty he could make 
out the words which they composed. He was now 
desired to look at a page of a printed book through 
spectacles with convex glasses. He did so and found 
that he could read it with ease. From these circum- 
stances it was very plain that this gentleman at the 
same time that his pupils had become dilated and his 
upper eye-lids paralytic, had acquired the sight of 
an old man, by losing suddenly the command of the 
muscles by which the eye is enabled to see near 
objects distinctly . 

After I had reflected upon this case it occurred to 
me that, as the juice of the herb Belladonna, when 
applied to the eye, occasions the pupil to dilate 
considerably, and so become unalterable by light, 
an effect might at the same time be produced by it 
upon vision, similar to that which I have just des- 
cribed. I had, indeed, in the course of a few years 
applied Belladonna several times to my own eyes, 
without observing any change in my sight, beyond 
what I referred to the increased size of the pupils; 
but as I had not looked for any other, I thought it 


possible that some additional one might have hap- 


pened without my having perceived it. 


Because of his presbyopia Wells regarded his 
own eyes unfit ‘for the experiments which I wished 
to be made with Belladonna’. He therefore applied 
‘the juice of Belladonna’ to Dr Cutting's* left eye. 


Half an hour after when his pupil was but little 
dilated perfect vision commenced at a distance of 
seven inches; in fifteen minutes more it began at 
the distance of three feet and a half. When his pupil 
had acquired its greatest enlargement the distance 
was eight feet. This state of vision continued in its 
greatest extent to the following day; and it was not 
till the ninth day that he completely recovered the 
power of àdapting his eyes to near objects. Dr Cut- 
ting remarked that after his pupil had nearly returned 
to its former size, his capacity of adapting the eye 
to different distances was still very limited. A great 

degree of dilatation may take place in the pupil 
without total want of power to adapt the eye to 
different distances. Though I could not doubt the 

.. accuracy of Dr Cutting’s observations, yet as he was 
*Described by Wells as a ‘young physician’ 





the first person who ever applied Belladonna to his 
eyes for the purpose which has been mentioned, and as 
the results were remarkable, I requested him to 
repeat the experiment with the other eye. He com- 
plied with my desire and found that the appearances 
which followed were similar. As the action of the 
external muscles of the eye has been frequently 
resorted to for an explanation of its capacity to see 
objects perfectly at different distances, I requested 
Dr Cutting to attend to this matter. He accordingly 
ascertained while his eye was in a natural state, the 
distance from his face of the nearest point at which 
he could make the two axes meet, this being the 
greatest trial of strength to which those muscles 
can be exposed. While in consequence of the appli- 
cation of Belladonna he was without power of adapt- 
ing his eyes to different distances, he found that the 
strength of these muscles was not diminished. It 
follows therefore that the external muscles have little 
or no concern in fitting the eye to see distinctly at 
different distances. 

The only other part of the eye or its appendages 
which remains for enabling us to see equally well at 
very different distances is the crystalline; and that it 
does produce this effect either wholly or very nearly 
so 1s manifest from the necessity even young persons 
are under who have lost it, of using glasses of very 
different convexities for near and remote objects, But 
in what way this important office is performed by it 
seems still unknown. The learned Dr Youngt indeed 
has supposed that the crystalline has the power of 
altering its figure; but the proof hitherto given in 
favour of this opinion appears very defective. 

In 1794 I attempted to submit its justness to the 
test of direct experiments by applying to the crys- 
talline of oxen which had been felled from thirty 
seconds to a minute before, chemical and mechanical 
stimuli, and those of Galvanism and electricity; but 
in no instance was any alteration of figure or other 
indication of muscular power observed. 


The mydriatic property of belladonna was, of 
course, well recognized for centuries, but Wells 
must be credited with the important discovery of 
its cycloplegic action. He fully appreciated that 
these two effects of belladonna were distinct as 
they ‘were not inseparably connected’. 

Wells was also first to give a correct explanation 
for the deposition of dew. This was based on many 
observations and experiments which were described 
in his ‘Essay on Dew’, for which he was awarded 
the Rumford Medal by the Royal Society. His 
writings reveal him as an acute observer, always 
striving to submit his theories to critical tests. 

Sir Benjamin Brodie, one of his ablest medical 
contemporaries (Brodie, 1865), paid the following 
generous tribute to Wells: 

‘Dr Wells was one of the most remarkable 
persons with whom it has been my lot to be per- 
sonally acquainted’, Although he admired Wells's 
intellect, Brodie could not refrain from noting his 


*Dr Thomas Young, 1773-1829 
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Recurrent erosion of the cornea 


NICHOLAS BROWN ann ANTHONY BRON 





From the Institute of Ophthalmology, Judd Street, London 


In previous studies of superficial corneal disorders 
(Bron and Brown, 1971) and of superficial lines of 
the cornea (Brown and Bron, 1976), we were 
impressed by the frequency of recurrent erosion 
of the cornea. In this study we have set out to 
examine patients presenting with recurrent erosion 
of the cornea to establish the type and incidence 
of the superficial corneal disorders, and to compare 
this incidence with that in a control group of 
subjects. Some experience of management of 
these patients 1s also reported. 


Material and methods 
MATERIAL 


Patients presenting at the Casualty Department at 
Moorfields Eye Hospital with suspected recurrent 
erosion of the cornea were referred by the casualty 
-officers and examined by one of us. The patient was 
admitted to the study if the diagnostic criteria. were 
satisfied. These criteria were: 

1. A history of initial trauma or abrasion followed by 
a recurrence of pain with healing, followed by a 
clinical recurrence at the time of presentation and 
associated at some time with the clinical signs of 
recurrent erosion. 

2. A typical clinical history of at least two attacks 
suggestive of recurrent erosion (pain on waking 
or being awakened, difficulty in opening the eye 
lid, watering, light sensitivity), without a history 
of trauma but associated with clinical signs of 
recurrent erosion at some time. 

For each group, the clinical signs of recurrent erosion 


could include not only frank epithelial loss, but also- 


focal epithelial oedema, epithelial bulla formation, and 
epithelial cyst formation in varying combinations. In 
this way, 8o patients were admitted to the study with 
ages ranging from 24 to 73 years. 

The control group consisted of 200 patients aged 
between 20 and 85 years, who had attended clinics at 
Moorfields but were not complaining of any symptoms 
^. referrable to. the cornea, and had no history of corneal 
disease. 


A proforma was completed for each patient; this con- 
tained a full clinical history (including details of the 
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menstrual cycle and use of the contraceptive pill) and 
details of the examination of both eyes, including lids, 
tear films, corneae, and anterior chambers. The corneae 
were then re-examined after staining with fluorescein 
and with bengal rose. The corneal signs were recorded 
with the Zeiss photo slit lamp and with the macro 
camera (Brown, 1970) at rox magnification. 

Each patient was re-examined at least once after 
complete healing of the erosion and both corneae were 
inspected for superficial dystrophies. The ocular ten- 
sions were measured at this time. 

Despite the traditional name for the disorder, it 1s 
recognized that frank epithelial loss 1s not required to 
establish the diagnosis and that focal epithelial oederna 
or bulla formation with or without a breach in the 
epithelium, and/or the presence of epithelial cysts, are 
in keeping with the diagnosis when associated with the 
typical clinical history. The patients were classed as 
having either macroform or microform recurrent 
erosion by the criteria of Chandler (1945). Microform 
recurrent erosion was recognized by intraepithelial 
microcysts with a minor break in the epithelium (Fig. 1). 
In macroform recurrent erosion, a large area of epithe- 
lium was separated from the cornea (Fig. 2). 


TREATMENT AND FOLLOW-UP 


The initial treatment was decided by the Casualty 
Officer and consisted of either chloramphenicol drops 
or chloramphenicol ointment with hyoscine o3 per 
cent drops, and padding for the eye. Patients with large 
bags of loose epithelium were treated initially by 
debridement, the loose corneal epithelium being care- 
fully removed at the slit lamp with a Bard Parker no. 15 
blade, using centripetal strokes to avoid stripping off 
an unnecessarily large area of epithelium. The eye was 
then treated with drops or ointment and padded as 
above. 

Eyes which failed to heal on medical treatment and 
produced redundant loose epithelium were debrided 
as above. In those eyes which still failed to heal on this 
regime, the debridement was repeated and followed by 
carbolization with 100 per cent phenol applied at the 
slit lamp with a small stick to the dried cornea. Care 
was taken to avoid carbolizing the pupillary area of the 
cornea, but the phenol was otherwise applied to as 
much of the affected area as possible. 

Once healing was complete the patients were given 
sodium chloride 5 per cent ointment to apply each 
evening immediately before going to bed. 'This treat- 
ment was continued for from 3 to 18 months. Treatment 
of longer duration was given in patients who found that 


they suffered relapses if they omitted to apply their 
ointment. 

Treatment was eventually withdrawn from all 
patients still attending at 18 months and the relapse rate 
was compared with that while on treatment. 


Results 
AGE AND SEX DISTRIBUTION (Table I) 


The age and sex distribution of the patients is 
shown in Table I, together with the incidence of 
macroform and microform recurrent erosion; it is 
common for both forms to occur in the same indi- 
vidual at different times (31 per cent of patients). 
Bilateral recurrent erosion is relatively uncommon 
(10 per cent of patients). 


CAUSES OF INITIAL ABRASION (Table II) 


The initial abrasion was frequently spontaneous 
(40 per cent of patients) and the patient was unable 
to remember any trauma having preceded it. Of 
the identifiable causes (Table II), the most common 
was a scratch by a finger nail, scratches from a 
baby’s finger being particularly prevalent among 
women. Among men, the causes were also related 
to their occupations, and metallic objects such as 
screwdrivers were described as causative. Two 
cases were seen after the removal of corneal foreign 
bodies. In the two hereditary cases the patients 
had no recollection of trauma. 

The microform type was the most common in 
the spontaneous cases (Table II), whereas macro- 
form and combined macroform and microform 
erosions were more commonly of traumatic origin. 
In the eight bilateral cases trauma was reported 


Table I Age and sex distribution of 80 patients* 








Age group ( years) No. of patients 
21-30 13 
31-40 22 
41-50 22 
51-60 18 
61+ 5 
At presentation (mean) 42 
Percentage of women 48 

men 52 
Type of recurrent erosion No. Percentage 
Macroform only 10 13 
Microform only 45 56 
Both types in same individual 25 31 
Bilateral cases 8 IO 


UU —————— 
*The youngest was 24, the eldest 73 years 
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FIG. 1. Microform recurrent erosion. Macrophotograph 
by retroillumination. Bar gauge 500 um 





FIG. 2. Macroform recurrent erosion. Stained with 
fluorescein to show intraepithelial microcysts. Bar 
gauge 1000 um 





Table II Causes of abrasion in So patients 






































Abrasion No. Percentage 
Spontaneous 32 40 
Finger nail 18 22 
Animal claw 3 4 
Vegetable matter, for example, 
twig 12 15 
Paper or card 7 9 
Metallic object 5 6 
Corneal foreign body 2 
Contact lens 1 
>. Relation of Percentage Percentage 
erosion of of 
type to No. traumatic No. spontaneous 
trauma cases cases 
Macroform 
alone 8 10 2 3 
Microform 
alone 20 25 25 31 
Combined 
form 20 25 5 6 
Table III. Recurrences in 80 patients 
Time of recurrence Percentage 
At about the time of waking 76 
Before waking (awakened by pain) 30 
= After waking 40 
. Difficulty in opening the eye 10 
At other times of the day 24 
Precipitation 
Nil 86 
Eye rubbing 10 
Barbiturates 25. 


` Menstruation (1 





by only three, and in two of these patients, the 


^.^ trauma had been to one eye only. 


E J FREQUENCY AND PRECIPITATION OF RECURRENCE 
(Table HD 

© The interval before the first recurrence after the 
. initial abrasion varied from 2 days to 16 years, 
but it may be 
time. 
- was weighted by a few very long durations, and 63 
-> per cent occurred within 4 months. 









.doubted whether this late recurrence 
ated to the initial abrasion after so long a 
gean interval was 18 months, but this 





^". Recurrences, both macro- and microform, oc- 
curred most commonly at around the time of 


P waking. (Table IID. Some patients were able to | 









give a clear history of being awakened by the pain 
and, in others, the pain occurred after waking. 
An interesting symptom. was difficulty in opening 
the lids; some patients needed to use their fingers 
to open their eye, and this was commonly followed 
immediately by a recurrence. 

Precipitating factors were sought in the patient’s 
history, but none was elicited in 86 per cent. Eye 
rubbing was admitted as a cause in 10 per cent 
and the use of barbiturates was implicated in 3 
per cent. These patients experienced recurrences 
whenever they resumed taking barbiturates. 

Altogether 23 menstruating women were studied, 
and in only one of these was there a clear history 
of recurrences related to the time of onset of each 
menstruation, 

The general health of the patients appeared to 
be unrelated; the only finding which was in any 
way consistent was that of a history of atopy in 
5 per cent. A family history suggesting dominant 
inheritance of recurrent erosion was obtained in 
two patients (3 per cent). 

The frequency of recurrence was very variable, 
ranging from a minor recurrence each morning to 
major recurrences separated by many months. The 
frequency of recurrence varied between patients 
and at different periods in the same individual. 

The recurrences lasted from 1 to 4 hours in the 
microform condition, and from 1 to 21 days in the 
macroform condition, which included two cases in 
which the healing was delayed by a secondary 
bacterial infection. 


SYMPTOMS (Table IV) 


The symptoms of recurrence (Table IV) are 
largely as anticipated. Blurring of vision varied 
from absent or minimal in many eyes with micro- 
form erosion to severe in macroform erosions. 


SIGNS 


When the eyes were examined at the time of active 
erosion, a small epithelial break (Fig. 1) was seen 


Table IV Symptoms of recurrent erosion in 
8o patients 
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Percentage 
Symptoms of patients 
Pain 03 
Severe pain 10 
Blurring of vision 61 
Watering ri 
Photophobia | 57 
Redness 10 
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in microform erosion and a larger break, commonly 
with loose baggy epithelium around it, in macro 


form erosion (Fig. 2). The common site was central, | 
just below the pupil. In both forms microcysts | 
were present in the surrounding epithelium which I 
usually stained well with fluorescein. (Fig. 2). Some : 
degree of epithelial and stromal oedema was com- 
mon. The conjunctiva was injected and sometimes | 
chemosed, especially in cases of macroform type. = 
The anterior chamber was normally quiet, but — o. In unaffected eye : I2 
sometimes showed a few cells in macroform cases. um Fine superficial lines 46 
In the healed state the eyelids and conjunctiva Bleb dystrophy. | 28 
were unremarkable and an abnormal intraocular oe pte : nuna dystrophy (map 
pressure was not found, Tear film thinning, ystrophy) ES 
demonstrated by the break-up of the fluorescein Us 
film, was found in 14 per cent. This was usually 2 
related to an area where the epithelium was uneven 
because of a superficial corneal dystrophy or: 
epithelial cysts. However, the volume of tears did A 


not appear to be abnormal and Schirmer's test i: 


gave results within the normal range. 


SUPERFICIAL CORNEAL DYSTROPHIES 
(Tables V, VI, and VID) 


(The term superficial corneal dystrophy will be- 
used for the group of changes occurring in the 
region of the corneal epithelium and defined below. 
Evidence for a genetic aetiology 1s currently small 


See discussion.) 


Superficial corneal dystrophies were a frequent 
finding (Table V) and commonly bilateral. The | 
occurrence of the dystrophies was related to the — 
age of the patient (Table VI). No patient seen in 
the present study was below the age of 30 years, : 
but we have occasionally seen affected patients — 
below this age. The frequency increases with age, . 
reaching 78 per cent of patients in the 51 to 60 
year age group. oe a cd ge ee 
— . The incidence of superficial corneal dystrophies |. 
in the patients is compared with that in the control... 2 sat 
i sos Tram lines 
: Bleb dystrophy and finger- 






















group in Table IX. In the unilateral cases, the 
dystrophy was more frequently found in. the 
unaffected eye than in the eye affected by recurrent 
corneal erosion, from which it may be deduced 
that the corneal erosion had been responsible for 
erasing clinical signs of the dystrophy. f 

The types of dystrophies which were found 
(Table V), were most commonly the various supe 
— ficial corneal lines, which are listed separately 
Table VII. Bleb dystrophy was also common, 
less commonly found was the more pronounced 


lacunar dystrophy of Bietti (1965) which we regard : | 
: y . other fine lines which have the same ret 


. as synonymous with the ‘map change’ of Guerrj 
(mes. v. | 

"The. individual superficial corneal lines ha 
— been described in detail (Brown and Bron, 197 

< The most common type is the now familiar “finge 










| group 


"21-30 14 


Le 
9 
41-50 22 15 68 
* 
3 


< Corneal lines No. 
Patients affected 37 46 
: Fingerprint lines 21 26 


Of So patients. 


. (1950). These are fine refractile lines 
best seen by retroillumination. They a 
“in a near parallel whorl-like pattern, 

them their resemblance to a fingerp: 


Cin arrangement, are the superficial ri 
superficial corneal crazing. The supe g 
lines form complete rings and the. superficial. 
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Table V Incidence of superficial corneal dystrophies 
fincluding all types of lines) 










Dy $ trophy P ercentage* 
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All patients with superficial dystrophy 
| or lines 59 
. Bilateral 66 
." In affected eye only R 


“MOF 8o patients 


Table VI Age distribution of patients evith supers 
ficial corneal dystrophies (excluding demarcation lines) 


Age Patients 
Percentase 





(years) No. With dystrophy of age group 


31-40 22 


51—60 18 I 
Gi + 5 
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Table VII Incidence of fine superficial corneal lines 


Percentage* 
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Demarcation lines 17 2t 


Superficial ring lines 1 — 


Superficial corneal crazing 2 
Mare's-tail lines f 1 _ 
2 






print lines in association 14 . €3. 


print line’ (Fig. 3) first described by Guerry 
















thinning is commonly seen over the | 





tion appearance as the fingerprint line, b 
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FIG. 3 Fingerprint lines. Seen by retroillumination of 
fundus. Bar gauge 1000 um 


FIG. 4 Cogan's epithelial microcysts with adjacent 
demarcation line (arrowed). Bar gauge soo um 











FIG. 5 Demarcation lines marking limit of area of 


bleb dystrophy 


corneal crazing is found near the limbus and 
differs from the fingerprint line in having a branched 
pattern. Neither of these lines was common, but 
since each probably represents variants of the 
hngerprint line, its presence is considered to be 
related to recurrent erosion. 

‘Demarcation lines’ (Fig. 4) have a superficial 
resemblance to fingerprint lines and are often 
found in the same eye where they separate areas 
affected by fingerprint lines, or by bleb dystrophy, 
from clear areas (Fig. 5). These lines often form 
complete rings of about 5 mm in diameter. They 
occur in eyes which have had recurrent erosion and 
are not seen in the fellow eve unless that too has 
been affected by erosion. 

'Mare's-tail. lines’ (Fig. 6) are recognizably 
different from fingerprint lines, being seen best 
by focal illumination. These lines are bunched 
together in places and spread out in others: they 
show branching and crossing, which do not occur 
in fingerprint lines. They appear to be more super- 
ficial than the other lines and have a significant 
effect in thinning the tear film. Although only one 
patient is reported with mare's-tail lines in this 
series, we have seen them in other patients with 
recurrent erosion and in association with Bietti's 
lacunar dystrophy which is also related to recurrent 
erosion. 

The remaining lines are ‘tram lines’, described 
by Brown and Bron (1976). These rare lines run 
a long, straight, nearly vertical course, and have 
refractile edges with the appearance of parallel 
tram lines. They were found in two patients in 
this series and in none of the controls. We are 





unable to say whether their presence is related to 
recurrent erosion. 

Dystrophic changes consisting of fine superficial 
blebs (Bron and Brown, 1971) were found in 
28 per cent of patients. The blebs are seen only by 
retroillumination (Fig. 7) when they have the 
appearance of pebbled glass. They are subepithelial 
and do not affect the tear film. The blebs occurred 
in groups, sometimes covering large areas of the 
cornea, and were sometimes arranged in a charac- 
teristic hexagonal net pattern (Bron and Jones, 
1969). Blebs were often absent from the region 
just below the pupil in eyes which had suffered 
recurrent erosion and in these eyes their limit was 
characteristically defined by a demarcation line 
(Fig. 5). 

A less common finding (in 5 per cent of the 
patients and in none of the controls) was the super- 
ficial corneal dystrophy described by Bietti (1965) 
as lacunar dystrophy of Bowman’s membrane 
(Fig. 8), in which clear lacunae up to 2 mm in 
diameter are seen on the surface of Bowman's 
membrane. The areas between the lacunae are 
opalescent and the edges of the lacunae are defined 
by a denser white line which may have a rolled 
appearance in focal illumination. The irregular 
pattern produced by the lacunae gives a map-like 
appearance, so that it is probably the same condi- 
tion as that described by Guerry (1965) and 
thought by him to be a component of the epithelial 
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FIG. 6 Mare's-tail lines by focal illumination, 
Bar gauge 500 uum 


microcystic disorder described by Cogan, Donald- 
son, Kuwabara, and Marshall (1964). Numerous 
other workers have since observed these map-like 
changes (Wolter and Fralick, 1966; Levitt, 1971; 
Trobe and Laibson, 1972; Luxenberg, Friedland, 
and Holder, 1975). 


microcysts (Table VIII) 


Intraepithelial microcysts (Fig. 9) were a common 
finding in healed eyes, being present in 59 per cent 
of the patients (Table VIII), but they were seen in 
only 1°5 per cent of the controls (Table X). They 
occurred in conjunction with other recognizable 
dystrophies, but were the only recognizable corneal 
signs in 21 per cent. This left only 11 per cent of 
patients in whom no signs, either cysts or dvstro- 


Table VIII —Microcysts 


oo ——————— 








Microcysts Percentage 
Patients affected (total) 59 
Erosion-affected eye only 49 
Unaffected eye 24 
Cogan’s microcysts 6 
Microcysts as only recognizable signs 21 
Patients with neither dystrophy nor 

microcysts 11 


ae 
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phies, were visible in the healed state. In most 
patients a retrospective diagnosis of recurrent 
erosion. could be made with confidence when 
examining the patient in the healed state. Clinical 
symptoms, however, were always associated with 
clinical signs. 

The microcysts were seen best by retroillumina- 
tion, but sometimes contained opaque matter which 
made them visible by focal illumination. (This was 
most marked in those opaque white cysts having the 
appearance of those described by Cogan and others, 
1964.) The microcysts, measured from the corneal 
macrophotographs, varied from 20 um to 74 um in 
diameter. The more superficial cysts, which some- 
times showed a centrally umbilicated appearance, 
commonly stained with fluorescein, and those 
which did not stain showed as dark spots in the 
fluorescein, containing tear film. It was noticed 
that the cysts which were first seen after healing of 
an erosion showed the same distribution of light 
within them as that of the background when viewed 





FIG. 7 Bleb dystrophy by retroillumination of 
fundus, Bar gauge soo um 


by marginal retroillumination, which has been 
taken to imply a lower refractive index than that 
of the surrounding epithelium (Brown, 1971). After 
a month or more of treatment the cysts tended to 
be smaller and more discrete and in many eyes 
had disappeared. The remaining cysts sometimes 
changed their appearance as seen by retroillumina- 
tion so that they now reversed the illumination 
compared with that of the background, implying 
a refractive index higher than that of the surround- 
ing epithelium. The appearance was now like that 
of small oil droplets. 


THE CONTROL GROUP (Table IX) 


The findings in the controls are presented in 
Table IX. A low incidence of superficial dystrophies 
of the fingerprint line and bleb type and a few 
microcysts were found. In none of the controls 
was there any history of recurrent erosion, nor 
were there any symptoms referrable to the cornea. 


Table IX = Incidence of superficial corneal 


dystrophies in 200 control eyes 








Superficial corneal dystrophies Percentage 
Fingerprint lines I'5 
Microcysts I'5 
Blebs (including net patterns) 2:0 





FOLLOW-UP AND RESPONSE TO TREATMENT (‘Table X). 


Altogether 70 patients attended for follow-up from 
1 to 48 months (mean 16 months). 

Healing occurred after the recurrent erosion 
with which the patient had presented, in a few 
hours in minor microform and up to 3 weeks in 
severe macroform erosions. In two eyes, taking 
3 weeks to heal, the healing had been delayed by 
corneal infiltration and oedema due to secondary 
bacterial infection. A healing time of 1 to 2 days 
was normal for the macroform erosions. ‘The 
initial treatment given by the Casualty Officer was 
chloramphenicol drops or ointment and it did not 
appear to matter which of these was given. De- 
bridement was performed as an initial treatment 
in 12 eyes which had large bags of loose epithelium. 
In each, this was followed by healing in 2 to 4 
days (mean 3:1 days), and no cases of delayed 


Table X Response to prophylactic treatment for 
3-18 months (mean 10 months) 














No. of 

Treatment patients Percentage* 
NaCl 5 per cent ointment 6o 60 
Symptom-free 32 53 
Improved 16 27 
Not improved 2 3 
Inadequate follow-up 5 8 
Ointment rejected for stinging 5 S 
Recurrences on treatment: 

Microform 8 14 

Macroform 8 14 
Effect of stopping treatment 
for 3 months? 
Treatment stopped in 32 

but 3 persisted against advice 
Therefore total in group 29 
Remaining symptom-free 5 17 
Unchanged S 17 
Deteriorated 17 59 
Recurrences off treatment: 

Microform 19 6s 

Macroform 3 10 





*Of 60 patients TOf 29 patients 
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FIG. 8. Bietti's lacunar dystrophy (map dystrophy). 
Bar gauge 500 um 





Intraepithelial microcysts. Late stage of 
treatment showing reversal of marginal retroillumination. 
Bar gauge soo um 


FIG. 9 


healing occurred in these patients. Debridement 
was also carried out in four eyes showing lack of 
spontaneous healing with medical treatment during 
which a loose bag of epithelium developed. After 
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debridement, the epithelium was able to grow 
smoothly across the stroma. The incidence of 
recurrence after debridement did not differ from 
that in eyes which had received medical treatment 
alone. In one eye a deliberate attempt was made to 
scarify the surface of Bowman's membrane at 
debridement. No recurrence occurred in this eye, 
but the debridement left a faint superficial nebula. 

Carbolization was performed after debridement 
in seven eyes and was followed by healing in 2 to 4 
days. There was a single recurrence of a macroform 
erosion in two eyes and there were several re- 
currences of microform erosions in one eye which 
had been carbolized. Carbolization appears to be 
beneficialan reducing recurrence, but the number of 
eyes so treated was too small for the results to be 
significant.  .. E 

Once healing. was complete, 60 patients were 
given sodium chloride 5 per cent ointment to 
apply each evening immediately before going to 
bed. The result of this treatment was assessed after 
3 months (Table X). Most patients were improved 
or even symptom free, but in some there were 
recurrences. The ointment was well tolerated 
by most patients, but 8 per cent found that it 
stung and stopped using it. 

The effect of deliberately stopping the sodium 
chloride ointment was tested in 32 patients (Table 
X) after treatment for 3 to 18 months. The patients’ 
symptoms tended to deteriorate, particularly with 
an increased incidence of recurrence of microform 
erosions. Thus three patients persisted in using 
the ointment against advice. It appeared that 
treatment could be more successfully withdrawn 
after a long period (12 months or more), and it was 
considered proper to withdraw treatment from all 
patients once they were able to remain comfortable 
without the ointment. Those in whom symptoms 
recurred resumed the use of the ointment. | 


Discussion 
CLINICAL FEATURES 


Recurrent erosion of the cornea has often been 
described, and a review of the early literature was 
well presented by Chandler (1945). The appearance 
of the active erosion has been fully documented 
and Chandler was able to divide the erosions, both 
symptomatically and by their appearance, into 
macroform and microform. This appears to be a 
useful classification, but it is now seen that the two 
different forms can occur in the same corneae at 
different times, and it is considered that there is no 
sharp distinction between the two disorders. 
Chandler found that macroform erosions were more 
. commonly the result of trauma than microform 
erosions, which is confirmed by our observations. 

. The existence of bilateral cases was recognized 





by Chandler but has been considered rare, so that 
Flynn and Esterly (1966) thought it worthwhile to 
report a single case. The ro per cent incidence of 
bilateral cases in our series is rather higher than 
that suggested in the literature. 

An inherited form of recurrent erosion has been 
recognized since Franceschetti (1928) reported a 
family with a dominant inheritance. It would 
appear from our experience and that of other 
authors that a family history is uncommon. Two 
of our patients had a family history, but in neither 
case was there sufficient information to be certain 
of the pattern of inheritance. 

The relationship of the time of the recurrence to 
the time of waking is interesting. We are in agree- 
ment with Chandler (1945) that the recurrence 
may occur before or after waking, although Szili 
(1900) maintained that patients always awoke 
first. In our patients who awakened first, difficulty 
in eyelid opening was. commonly experienced, 
which suggests that there was an adhesion between 
the corneal epithelium and the eyelids. It is obscure 
why this should occur even if the epithelium is 
first lifted from the cornea. Drving of the tear film 
with incomplete lid closure in sleep has been 
suggested to account for this (Sturrock, 1975, 
personal communication). However, most authors 
take the opposite view and consider that increase 
in fluid in the cornea which lifts off the epithelium 
causes the recurrence. Thus Chandler (1945) and 
Theodore (1964) considered that an endothelial 
defect might be important in allowing fluid entry 
into the stroma; and Valle (1967) reported a family 
showing dominant inheritance of recurrent erosion 
in which one member had Fuchs’s endothelial 
dystrophy which Valle considered to be significant. 
Cogan (1941) demonstrated the hypotonicity of 
tears during the night which he considered relevant 
in allowing fluid entry into the epithelium, and 
Thygeson (1959) considered that persistent epi- 
thelial oedema was a significant factor. 

A rational approach to prophylaxis is therefore 
to use a lubricating agent at bedtime to prevent 
adhesion between the corneal epithelium and the 
lid, and an agent to produce corneal desiccation. 
The use of ointments as lubricants is traditionally 
accepted and methyl cellulose drops have been 
recommended by Guyard and Perdriel (1961) and 
by Theodore (1964). Theodore also. recommended 
lowering intraocular pressure by acetazolamide. A 
combined lubricant and desiccating agent is 
convenient; Chandler (1945) and Thygeson (1959) 
used ro per cent boric ointment, and Goldman, 
Dohlman, and Kravitz (1969), and Trobe and 
Laibson (1972), like ourselves, used 5 per cent 
sodium chloride ointment. 

The existence of superficial corneal dystrophies 
in relation to recurrent erosion was probably 





first recognized by Vogt (1930) who observed 
spots and fine glassy lines which appear in his 
illustration to be the same as those now called. 
fingerprint lines. Briickner (1950) stated that no... 
slit-lamp abnormality was to be seen in healed . 







recurrent erosion, but he was able to demonstrate 


irregularity of the cornea with the Fisher reflecto- ` E 
graphic technique which is capable of demonstrat- . 
ing such fine abnormalities as the anterior corneal |. 
mosaic (Bron, 1968), also demonstrable by the 


proper use of retroillumination. 


Several other authors, as reviewed by Chandler . 
(1945), have described white or grey dots in cornea © 
with healed recurrent erosions and these dots may ` 
now be described as microcysts. Microcysts may be — 
relatively clear, with a low content of cellular debris, _ 
and variable in size; they are sometimes fused | 
together and often take up fluorescein stain. The - 
microcysts of Cogan's microcystic disorder are - 
more often densely opaque and discrete; they fail 
to take up stain and may reach a large size (Bron 
and ‘Tripathi, 1973). Although such cysts may occur . 
together in the same cornea, their morphogenesis : 
may be different. Like Cogan, Kuwabara, Donald- 
son, and Collins (1974), we believe that the special - 
features of the Cogan type of cyst relate to their. 
intraepithelial | 
basement membrane sheets (Bron and Tripathi, in — 
preparation). Cogan's microcystic dystrophy has. 
in the past been regarded as benign and responsible ; 
at most for minor irritative symptoms (Cogan and 
others, 1964; Guerry, 1965; Levitt, 1971; Bron and 
Tripathi, 1973; Luxenberg and others, 1975). a 
Attention has been drawn by Trobe and Laibson . 
(1972) to the association of these cysts with map E 
dystrophy (which we regard as identical to thé 
lacunar dystrophy of Bietti (1965)) and with . 
fingerprint lines and recurrent corneal erosion. = 
Brodrick, Dark, and Peace (1974) confirmed the . 
relationship between Cogan's microcystic dys- 
trophy, fingerprint lines, and recurrent corneal . 


sequestration behind anomalous 

























erosion. In the present study cysts of the Cogan 
type and map-like dystrophy are found, but their 
incidence is low. 2 

Proper attention has only recently been given 
to the relationship between the superficial dys- 
trophies of the fingerprint line, bleb, and net type 
and recurrent corneal erosion; in fact Guerry 
(1950), in his original description of fingerprin 
lines, considered them to be of no pathologica 
significance, but a relationship between fingerprin 
lines and recurrent erosion has been reported by 
Kaufman and Clower (1966), Bron and Brown 
(1971), Trobe and Laibson (1972), Brodrick an 
éthers (1974), and Brown and Bron (1976), an« 


between bleb and net patterns and recurrent erosion 


(Bron and Brown, 1971). 


^ [t appears that the various superficial corneal. 
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disorders which are associated with recurrent 


corneal erosion are not discrete entities but repre- 


sent a spectrum of visible signs with a common 
‘pathological background. Many of our patients 
|; showed several different forms of disorder in the 
"same or fellow eye and this relationship kas been 
commented upon previously; Guerry ( 1965) and —— 
Levitt (1971) reported the relationship between | . 
Cogan's microcystic and map-like changes, Bron. —. 





and Brown (1971) reported. the association Jefe o: YE 


: fingerprint lines and bleb and net patterns together, | 
and their relationship with recurrent erosion, and 
Trobe and Laibson (1972) reported the relationship - 


between Cogan's microcystic. dystrophy, map-like 


dystrophy and fingerprint lines, and recurrent 
erosion. 


Most corneal abrasions heal satisfactorily and 
are not followed by recurrent erosion. Jackson 
(1960) saw one recurrent erosion in 150. abrasions 


- and Guyard and Perdriel (1961) saw no recurrences 


in 40 abrasions. 


It appears that recurrent erosion follows ina. 
cornea which is already abnormal. The high inci- 


dence of superficial corneal dystrophies in our 
patients (Table V) as compared to controls {Table 
IX) supports this suggestion. "That the superficial 


dystrophies are the precursor of the erosion and 


not the result of it, is demonstrated by their higher 
incidence and greater extent in the asymptomatic 


eye (Table V). The recurrent erosion appears to 


erase the dystrophic changes so that they mav be 


.absent or only minimally present in the healed 
-cornea. The dystrophic change has. also been 


removed by deliberate debridement as observed 


for fingerprint lines by Guerry (1950), and for 


Cogan’s microcystic dystrophy by Wolter and 


“Fralick (1966) and Cogan and others (1964, 19074). 


This would occur if the defective basement mem- 


-prane (see below) was also shed with the lost epi- 
“thelium. 


In our earlier study (Bron and Brown, 1971), 40 


patients ranging in age from 39 to 41 years were 


59 per cent compared to 375 per cent in the control 


group (lines and blebs). (Cysts are excluded from 


the comparison because they may at times be a 


non-specific expression of the presence of epithelial 


< oedema. Data are available in Tables VIH and IX.) 
This strongly supports the contention that the 
" superficial corneal changes under discussion are . 
- responsible for defective epithelial adherence and ^: 


“found to exhibit superficial corneal changes of the |. 
“fingerprint, bleb, and net pattern and the changes . 
-were bilateral in 73 per cent, suggesting a dystrophic 
^or degenerative aetiology. Symptoms of recurrent 
-erosion were seen in 38 per cent of patients. In the 
present study of 8o patients with recurrent erosion ` 

“syndrome, the incidence of superficial corneal =) 
changes (fingerprints, blebs, nets, and maps) was > 
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render patients vulnerable to recurrent erosion. 
It appears that the patients studied by us in the 
past (Bron and Brown, 1971) and in the present 
study are substantially the same group as that 
studied by Trobe and Laibson (1972). Differences 
relate to the low incidence of map change and 
Cogan's cyst change in our studies and to the ab- 
sence of net and bleb changes in the series studied 
by Trobe and Laibson. These differences may re- 
late in part to matters of definition, since we 
attempted to distinguish on biomicroscopic grounds 
cysts of the Cogan type from other microcysts 
associated with recurrent erosion (Bron and 
Tripathi, 1973), and in part to methods of examina- 
tion. It is important to emphasize the need for 
careful examination of the cornea by retroillumina- 
tion, using first the iris and then the red reflex of 
the fundus with the pupil dilated, in order not to 
miss the finest dystrophic changes. 
It seems likely that a common histopathological 
factor in all these disorders is the anomalous pro- 
duction of basement membrane material and other 
connective tissue sheets both within and sometimes 
deep to the corneal epithelium. This has been 
Observed both in the absence of clinical map-like 
changes (Cogan and others, 1964, 1974), and in 
their presence (Guerry, 1965; King and Geeraets, 
1972; Tripathi and Bron, 1973; Rodrigues, Fine, 
Laibson, and Zimmerman, 1974; Fogle, Kenyon, 
Stark, and Green, 1975; Dark, Brodrick, and 
Peace, 1973), and Brodrick and others (1974), 
demonstrated the presence of a fibrillo-granular 
material with intra- and subepithelial extension 
in a patient with fingerprint lines. The histopatho- 
logy of bleb and net patterns is not yet known. 
The relevance of basement membrane abnor- 
malities to recurrent erosion has been clarified in 
recent years. Khoudadoust, Silverstein, Kenyon, 
and Dowling (1968) experimentally showed the 
importance of the basement membrane and of the 
hemidesmosomes of the basal epithelium to epithe- 
lial adherence. Poor epithelial adherence is implied 
by the erosion itself and can be demonstrated by 
manipulating a contact lens on the healed cornea 
_of these patients (Lowe, 1964, 1970). A defective 
basement membrane was demonstrated in trau- 
matic recurrent erosion by Goldman and others 
(1969), and in spontaneous recurrent erosion by 
Tripathi and Bron (1972), who also noted an 
absence of hemidesmosomes in relation to affected 
basal cells. Kenyon (1969) suggested that deficien- 
cies in the formation of basement membrane, 
hemidesmosomes, and attachment fibrils account 
for the erosive events encountered in Reis-Bückler's 
dystrophy, Cogan's microcystic dystrophy, and 
non-traumatic recurrent erosion (Fogle and others, 
1975). Presumably a similar mechanism is involved 
in metaherpetic keratitis (Kaufman, 1964). 





It would appear that the biomicroscopic appear- 
ance of fingerprint lines, of map changes, and 
probably of the net and bleb patterns relate to the 
location, amounts, and optical properties of ano- 
malous basement membrane and other connective 
tissue material situated in the affected epithelium, 
and that recurrent erosion episodes are related 
partly to the presence of subepithelial connective 
tissue sheets and to a disturbance of the epithelial 
adhesion mechanism. 


RESPONSE TO TREATMENT 


In the initial treatment it would appear to make no 
difference whether the antibiotic is given as drops 
or an ointment, which accords with the experimental 
work of Hanna, Fraunfelder, Cable, and Hard- 
berger (1973). The complication of entrapment of 
ointment beneath the epithelium  (Fraunfelder, 
Hanna, Cable, and Hardberger, 1973) was not seen. 
However, it was noticed that the refractile appear- 
ance of microcysts as seen on retroillumination 
could change so that they came to resemble oil 
droplets. 

Simple debridement, without scarification or 
carbolization of the surface of Bowman’s membrane, 
appears to be beneficial in assisting healing of a 
macroform erosion, but not in preventing recur- 
rence. This is not surprising since the problem 
appears to be one of epithelial adherence rather 
than of epithelial resurfacing. Some form of phy- 
sical or chemical injury to the cornea has commonly 
been recommended. Chemical cautery has fre- 
quently been advocated (Chandler, 1945), and our 
own experience with carbolization in a small 
number of patients would appear to support this. 
However, carbolization does leave a faint super- 
ficial nebula, and is best avoided except for highly 
intractable recurrent erosions. Debridement with 
deliberate scarification of Bowman's membrane 
has been recommended (Kaufman and Clower, 
1966; Trobe and Laibson, 1972) and is probably 
useful in preventing recurrence, as in the only case 
so treated by us. However, this also leaves a super- 
ficial scarring. 

Successful prophylactic treatment with hyper- 
tonic agents has been described by Chandler 
(1945), Thygeson (1959), Goldman and others 
(1969), and Trobe and Laibson (1972). The hyper- 
tonic agent which we used, sodium chloride oint- 
ment § per cent, was shown to be effective in 
dehydrating the human cornea by Luxenberg and 
Green (1971) who obtained a reduction of 20 per 
cent in the thickness of oedematous corneae. The 
sodium chloride ointment was well tolerated bv 
the patients and appears to have been effective in 
preventing recurrence, as witnessed by the in- 
creased incidence of recurrence once it had been 
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withdrawn (Table IX). The reduction in size and | 


the increase in refractility of the microcysts with ^ 4, : TU 
-..- Altogether, 80 patients aged between 24 and 73 


their eventual disappearance in some eyes suggests — 


desiccation. ; 
treatment, particularly after long periods, so that 
it would appear that the use of the ointment is 


choice (as discussed above), but we cannot be 
certain at present whether the lubricant or desiccant 
properties are the more important. A future triak: 
against a simple lubricant ointment should be <: 


informative. 


Conclusions 


membrane, and defective basement membrane; 
complexes are implicated. The defect is commonly © 


present in the cornea before the initial trauma as — 
witnessed by the high incidence of superficial = 


corneal dystrophies. 


The examination of the cornea in the healed _ 
state commonly reveals a superficial dystrophy, or _ 
the presence of microcysts. The diagnosis, ofo 
recurrent erosion can thus be made on slit-lamp: 
examination in most healed cases and less reliance . 


need be placed on the verbal history alone. 


Fluid, collecting in or beneath the epithelium 
with resultant lifting of the - 
epithelium and adherence of the epithelium tò 
the tarsal conjunctiva are two possible factors . 


during the night, 


leading to recurrence. 


In the initial treatment it does not matter whether |. . 
drops or ointment are used. Debridement of loose. 
epithelium assists healing and resolves pain sooner, . 
but does nothing to prevent recurrences. Recur- ^. 
-rence is best prevented with a lubricant and desic- ^^ were not healing on medical treatment. Debride- 
cant substance (sodium chloride 5 per cent oint- . ment assisted healing, but did not prevent recur- 
- ment) applied at bedtime. This can be discontinued —  aepri | 
_ scarification and seven with carbolization. These | 
procedures appeared to reduce the recurrence rates 060 
-. Sodium chloride ointment s per cent was found = 


after several months once the patient remains S3 


symptom free on withdrawal. No precise period 
for prophylactic treatment can be given and it must 
be adjusted for the individual patient. In eyes 
which continue to be severely affected by recur- 
rence, in spite of prophylactic treatment, epithelial 
adhesion can be improved by carbolization or 
debridement with scarification, but these proce- 

dures may cause scarring. i 
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Recurrent erosion of the cornea os 


‘ Summary 


years with recurrent erosion of the cornea have 


gre ! «been studied and co ith a control group 

Patients could be successfully withdrawn from |. , lo s mpared with css trol. EFOup 
|... of 200. The patients’ erosions were divisible into 

<i macroform and microform types. The macroform < . 

| rM" | | 15,5. occurred in 1o per cent, the microform in eh per. 

curative in the long run, or that recurrent erosion: cei + -and both E "e bi n pe rofo atié a 56 P er. NUT 

is a self-limiting disorder. The ointment is a logical |” VS LC d LNG PORO R o 
s "sper cent. The macroform was more commonly — 


‘related to trauma than the microform. However, | 






many (40 per cent) were spontaneous in origin. 
‘The most common cause of the initial trauma was a 
finger nail. 


The recurrences occurred at around the time of 
waking, either just before or just after, Difficulty 


.. án opening the eye occurred in 10 per cent. There 
Recurrent erosions occur in corneae with poor 
adhesion between the epithelium and Bowman's |. 
 turates were implicated in 3 per cent. 


was little evidence of precipitating factors, but eye 
rubbing was admitted by ro per cent and barbi- 


The corneae were examined in the healed state, 
when a high incidence (59 per cent) were found to 
have superficial corneal dystrophies of the nger- 


print lines, bleb, and Bietti’s lacunar (map-like) | 


types. These are considered individually, particular. | 
attention being paid to the distinctions between the 
various types of line resembling the fingerprint 


^ hne. Epithelial microcysts were also a common 
finding (59 per cent) and were sometimes of the 
"Cogan type. In only 11 per cent of patients were - 


there no corneal signs in the healed state. “The need 
for careful examination of the cornea by retro- 


illumination, using both the iris and the fundus, is: 
stressed. The control group, in contrast, showed à 
very low incidence of dystrophies and cysts. 


Treatment was given initially with either drops 
or ointment and no differences in healing were 


found. Debridement was performed in 12 eyes 


as an initial treatment and also in four eyes which 


rence. One eye was treated with debridement and 


useful as a prophylactic taken at bedtime, and the 
recurrence rate increased when it was withdrawn. 


“We should like to thank Professor Barrie Jones for his > 
advice and for providing us with the facilities to. examine ^^ o 
-his patients. | 
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B different: patients varied. In 53 patients the present- 
E: ing. episode was their first and only attack, while 








G: D. STURROCK 
From the Casualty Department, Moorfields Eye Ho 


Corneal exposure due to incomplete lid closure i is | 
a widely recognized complication of conditions 
such. as facial palsy, lid deformity, proptosis, and. 
coma. It is less well known that corneal exposure — 
can occur during sleep in subjects who have normal — 
This diagnosis was made - 
when. patients presented with the characteristic 
history of ocular pain or discomfort occurring after - 
sleep, associated with corneal epithelial lesions in 


voluntary lid closure. 


the interpalpebral zone. 


Incidence and presentation 


A total of 102 patients believed to have suffered 
corneal exposure during sleep were collected over 
a two-year period. Sixty-eight cases were examined | 
personally and details of those remaining: were = 
provided by colleagues working in the same , 


department. 


The ages of the patients ranged from 17 to 82 or 
years (average 42). Attacks had started at the age | 1 
of 13 years in one patient, but for the whole series _ 


the incidence was highest in the third decade and " Family history 


slowly declined with increasing age. 


Patients typically presented early in the day H T 
within a few hours of waking with their symptoms. ~ 
pricking SS. 
. discomfort or sharp pain in one eye, often asso- 


The symptoms consisted of soreness, 


-ciated with watering and sometimes blurred visio 
Some patients had awoken during the night with 
pain in one eye. Symptoms were most pronounced 
immediately after their onset and tended to improv 
spontaneously during the course of the day. The 
appearance of symptoms. in both eyes togeth 
‘was uncommon, and in the eight patients in whom 
this occurred, symptoms were always more marked 
in one eye than the other. 


l PREVIOUS ATTACKS 


"The : number and pattern of attacks. expetiericed by 








dn 18. there was a history of one or two previous 
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Nocturnal lagophthalmos and recurrent erosion 


‘pitar, London 


attacks. Thirty-one patients had experienced 
multiple attacks during a period. varying from 
months to as long as 16 years in one case. A few 
patients in this last group gave.a history of attacks 


occurring on several mornings in. succession, 


ROLE OF ALCOHOL 


The only factor of posstble aetiological significance 
revealed by history was the taking of alcohol. 
Fifty-two patients admitted to having drunk alcohol. 
during the previous evening, but in 19 the amount” 


| of alcohol involved was small. Twelve patients were 
. calculated to have consumed the equivalent of 


between so and roo ml pure alcohol, and 1x patients 


. had taken between roo and 200 ml alcohol. Another... 
1o patients stated that they had. been drinking ^. 
heavily or had drunk more than usual. Án àasso- . 

ciation between alcohol and nocturnal lagophthal- 
mos was recognized by four patients, all with a 
"history of multiple attacks. 


There was a family history of sleeping with the eves 
‘open in five patients, representing four separate families. 


CCA 29-year-old woman had had persistent symptoms E 
vof nocturnal lagophthalmos for seven years, affecting o = 
^ mainly the left eye. Her brother had seen her sleeping ^^ — — 
“with this eye partly open, and taping shut the lids at... 
«night gave relief from her symptoms. While in: hospital 2 
for investigation three years ago she had been seen: Yo 
“sleep with the left eye partly open. Next morning ac 
.. small area of punctate epithelial keratopathy had been- 3 
_ visible in the interpalpebral zone of the left cornea, A 
. meurological examination had been normal. 


i . The 34-year-old brother of this patient attended the 
casualty department recently with the syi 





was no history of previous attacks. 


A 31-year-old man, in whom symptoms of. nocturnal 2 


“Jagophthalmos had occurred intermittently- for q i us 
"years, was seen after waking at 4.0 am. with a sharp. v 
feeling in the right eye. Examination revealed corneal 


"mptoms and C 
: signs of nocturnal lagophthalmos. He had drunk the. 
. equivalent of rro ml.alcohol the previous evening and = 
~ awoken the next morning with a sore right eye. "There EX 
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epithelial microcysts in the interpalpebral zone. ‘The 
patient and his three daughters were all known to sleep 
with one or both eyes open at times. 


A 42-year-old man gave a history of waking in the 
night with sore eyes for 15 years. Attacks occurred 
several times a year, on two or three nights in succession, 
He had attended the hospital frequently and the records 
for each visit showed punctate staining of both lower 
corneae. The patient, his father, his two sisters, and his 
son and daughter were all known to sleep with their 
eyes partly open. 


A 54-year-old woman attended the hospital on two 
occasions in the past year with nocturnal lagophthalmos 
of first the left and then the right eye. She had been 
observed by her daughter to sleep with one eye open 
The patient's mother and two aunts were also known to 


sleep with their eyes open. 


In addition to these patients with a family history, à 
further six patients had been told that they tended to 
sleep with their eyes open. Thus a total of 11 patients 
who attended with nocturnal lagophthalmos had been 
observed on one or more occasions to sleep with one or 
both eyes partly open. It is noteworthy that in many of 
these patients, and in particular the relatives of those 
with a family history, failure to close the eyes during 
sleep was not necessarily followed by symptoms. 
Whether or not corneal exposure occurs must depend 
upon the presence or absence of Bell's phenomenon 


(see below). 


DESCRIPTION 


As anticipated from the history, examination revealed 
involvement of only one eye in most cases, although 
bilateral corneal changes were seen on at least one 
occasion in 18 patients. 

There was usually mild to moderate hyperaemia of 
the affected eve, but some eyes were not injected at all. 
However, the most important diagnostic finding was 
an area of epithelial disturbance located in the inter- 
palpebral zone of the cornea. The lesions, which could 
easily be overlooked without the aid of a biomicroscope, 
consisted of punctate epithelial keratopathy (PEK) 
combined with epithelial microcysts. The PEK lesions 
were visible by focal illumination as greyish flecks and 
stippling which stained well with rose bengal but poorly, 
or not at all, with 2 per cent fluorescein dye. The epithe- 
lial microcysts were visible only by retroillumination 
and did not take up stain. The proportion of PEK to 
microcysts varied in different patients and some lesions 
consisted mostly of PEK while in others microcysts 
predominated. 

Basically the epithelial disturbance took the form of a 
horizontal band, in some cases this was patchy and 
incomplete, running across the lower cornea (Figs 1, 2). 
The width of this band varied in different patients 
from a narrow line of less than 4 mm wide to a broad 
strip 4 or 5 mm wide. Sometimes, instead of a single 
band of epithelial lesions there were two horizontal 
lines. In some patients, examination of the apparently 
uninvolved eye revealed a few groups of microcysts 





Area of partial thickness epithelial loss in 
centre of a band of rose bengal staining. Patient awoke 
with a sore eye after drinking the equivalent of 180 ml 
alcohol the previous evening 


FIG. I 





FIG. 2. Irregular double band of rose bengal staining. 
Slightly curved upper border of lesion conforms to shape 
of upper lid margin 


situated below the centre of the cornea. Extension of 
rose bengal staining on to the adjacent bulbar conjunc- 
tiva was uncommon even in cases in which a wide and 
well-defined corneal band ran from limbus to limbus. 

In three patients a discrete grey faceted lesion was 
seen in the centre of a band of scattered PEK lving in 
the interpalpebral zone (Fig. 1). The central lesion 
stained strongly with 2 per cent fluorescein as well as 
with rose bengal dye and was thought to represent 
partial thickness epithelial loss. 

Two other patients in whom nocturnal lagophthalmos 
was diagnosed presented on a different occasion with 
an area of complete epithelial loss (macroform recurrent 
erosion). 


A 20-year-old man who was seen after waking with a 
sore right eye gave a history of a similar episode one 
year previously. Examination showed two horizontal 


strips of rose bengal staining across the lower cornea. 
After treatment with chloramphenicol ointment and a 
pad the eye was symptom-free next day and the cornea 
no longer stained. Four months later he again awoke 
with a painful right eye and was found to have an oval 
area of epithelial loss below the corneal centre. The 
eye was padded but the patient failed to attend the next 
day. 


A 39-year-old man presented with a six-month history 
of waking intermittently at about 3.0 am with pain in 
the left eye. This usually occurred after drinking six or 
seven whiskies. Examination showed minimal injection 
of the left eye and epithelial microcysts situated below 
the centre of each cornea but which were more marked 
on the left where a faint punctate stain was visible 
with 2 per cent fluorescein dye. Two years previously 
he had attended the casualty department after waking 
with a sore left eye. There was an area of epithelial 
loss in the interpalpebral zone of the left cornea and a 
faint epithelial irregularity extending across the right 
cornea. The left-sided erosion healed in 48 hours. 


In many subjects, when blinking was prevented by 
restraining the upper lid, the tear film overlying the 
epithelial lesions broke down after ro to 15 s (Fig. 3). 
This caused existing areas of PEK to become greyer 
and more readily visible and sometimes resulted in the 
appearance of similar greyish areas in parts of the 
interpalpebral cornea which had looked normal when 
the tear film was intact. Re-formation of the tear film 
resulted in rapid disappearance of these greyish areas. 

Schirmer's test was performed on 22 patients, 
although the assessment of adequate tear production 
with this test is unsatisfactory because of the great 
variation encountered in normal individuals (de Roetth, 
1953). Tear production was much reduced (less than 
5 mm of wetting in 5 min) in four cases, All the patients 





FIG. 3 Same case as Fig. 2 (unstained). Tear film 
breakdown over lesion when blinking is prevented. 
Patient was unaware of nocturnal lagophthalmos but 
saw his 18-year-old son sleeping with his eyes open 
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had suffered multiple attacks and two of them demon- 
strated rose bengal staining of the bulbar conjunctiva 
on one or more visits. In the remaining 18 patients, 
15 mm or more of wetting was recorded from the 
affected eye. In those patients on whom Schirmer's 
test was not performed the tear film was judged to be 
normal in appearance and rose bengal drops caused 
copious tearing in most cases. 


Treatment and course 


Patients were treated according to the severity of 
their symptoms. Chloramphenicol ointment was 
prescribed and the eye was padded in cases in 
which symptoms were marked. Most patients 
were given chloramphenicol ointment to be used 
at bedtime. All patients who were seen next day 
were symptom-free or almost so, and the cornea 
had healed in most of them. In a few cases some 
residual epithelial lesions were still visible but 
these consisted predominantly of microcysts. 
Several patients subsequently experienced further 
attacks of nocturnal lagophthalmos despite the use 
of chloramphenicol ointment at night. However, 
most patients prone to recurrent attacks felt that 
the ointment did reduce the incidence of these 
attacks. 


Discussion 


Direct proof that the corneal lesions described in 
this paper were caused by exposure during sleep 
was obtained in only one case, although 1o other 
patients had been told that they sometimes slept 
with their eyes open. The failure to obtain such a 
history from the remaining patients is not surprising 
since most people are not observed while asleep. 
Even if the eyelids had been partly open during 
sleep a gap of 2 to 3 mm could have passed un- 
noticed on casual inspection, particularly in poor 
light. 

Incomplete lid closure during sleep has however 
been reported by a number of authors. Fuchs and 
Wu (1948) described this phenomenon in China 
where it is not uncommon. In Bombay, Lebas 
(1956) encountered patients with bilateral opacifi- 
cation of the lower portion of the corneae which he 
ascribed to sleeping with the eyes half open. 
Likewise Mueller (1967) observed children and 
adults in Ethiopia who slept with their eyes open 
3 to 4 mm. He surmised that this habit might in 
some cases produce the oval opacities on the lower 
third of the cornea seen in patients submitted for 
keratoplasty. Recently, Howitt and Goldstein 
(1969) in the USA described a patient, known to 
sleep with her eyes open, who awoke with a foreign 
body sensation and demonstrated punctate staining 
of the inferior third of both corneae. Clearly this 
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case resembles the patients described in the present 
paper, 

Corneal exposure will not occur if the eyes are 
rotated upwards during sleep, although the lids 
remain open. In his paper describing the motions 
of the eye Bell (1823) implied that during sleep the 
eyes are always turned upwards, this being the 
state of rest. In fact, Bell's phenomenon is not a 
constant finding during sleep. Hall (1936) examined 
the position of the eyes in 234 sleeping subjects 
and Bell's phenomenon was present in only 42 
per cent. The eyes were directed straight ahead in 
44 per cent and in the remainder the eyes were 
deviated to one side (8:5 per cent) or turned down 
(5'5 per cent). Hall also noted that subjects were 
not consistent with regard to Bell's phenomenon 
which might be present one night and absent the 
next, or vice versa. 

The characteristic history given by the patients 
provided further evidence for the occurrence of 
nocturnal lagophthalmos. ‘Thus the onset of symp- 
toms is directly related to sleep, and once patients 
are awake symptoms slowly subside spontaneously. 
Identical symptoms may be encountered in subjects 
who are known to have impaired lid closure. 
Examples of this were seen in a patient with uni- 
lateral dysthyroid lid retraction combined with 
restricted elevation of the eye, and in another 
patient in whom unilateral congenital ptosis had 
been overcorrected surgically. Despite an obvious 
and constant cause for poor lid closure in both 
these patients their symptoms of nocturnal lago- 
phthalmos occurred only intermittently, as in the 
patients described in this paper with normal 
voluntary lid closure. 

Finally, the morphologv and nature of the corneal 
lesions themselves stronglv suggest that they are 
the result of exposure. Incomplete or partially 
healed lesions may take the form of a few groups of 
PEK scattered across the lower cornea (Fig. 4) or a 
collection of epithelial microcysts (Fig. 5). Viewed 
in isolation the aetiology of this type of epithelial 
disturbance is not immediately obvious. Well 
developed lesions, however, consist of a grevish, 
stippled, horizontal band lying in the interpalpebral 
zone, and closely resemble Avoub's description 
of desiccation keratitis (Ayoub, 1944). It is curious 
that in half of Ayoub's cases only one eve was 
involved although the condition developed during 
the daytime. The predominantly unilateral nature 
of the lesions seen in nocturnal lagophthalmos is 
equally puzzling and remains unexplained. 

The differential diagnosis of nocturnal lagoph- 
thalmos includes dendritic ulcer, incomplete blink- 
ing, and the microform of recurrent erosion. 

A dendritic ulcer had been diagnosed on one or 
more occasions in the past in three patients who 
subsequently re-attended with nocturnal lago- 





FIG. 4 Non-specific punctate staining with rose bengal. 
Patient awoke twice during night with a sore eve. Seen 
9 months previously with bilateral microform recurrent 

erostons 





FIG. 5 


Macrophotograph showing corneal epithelial 
microcysts by iris retroillumination. Patient awoke with 
a sore eye and misty vision. No previous episodes 


phthalmos. In two of these patients the epithelial 
lesions had been carbolized producing, in one case, 
a corneal nebula. Examination of the hospital 
records made at that time suggested that nocturnal 
lagophthalmos would have been a more appropriate 
diagnosis. In a fourth patient the initial diagnosis 
of dendritic ulcer was changed to nocturnal lago- 





phthalmos when another doctor saw the patient.: 


The corneal lesions in all four cases were situated ` 
being shown as a 
horizontal band of stippling in three cases, and. 
recovery was rapid in every case. It seems unlikely 
that any of these four patients ever had a dendritic - 
ulcer. It can be difficult to distinguish between a- 

dendritic ulcer and the dendritiform figure produced 
during the healing stages of an epithelial disturb- : 
ance. Thus in a further four patients the epithelial. 

‘pseudodendritic’ or 


in the interpalpebral zone, 


lesions were described as 
‘not. typically dendritic’. 


Corneal staining associated with incomplete : 
blinking has been reported in 55 out of 300 subjects 
who were examined before being fitted with contact: 
lenses (Korb and Korb, 1970). 2 per cent fluores- 
cein dye showed diffuse blotchy staining of the. 
peripheral cornea inferiorly, unlike the pattern . 


seen in nocturnal lagophthalmos, and no symptoms 
were described. 


Recurrent corneal erosions Occur in two forms ` 


which are distinguished by the severity and duration 


of the symptoms and by the epithelial changes. This | 


owas. recognized by von Reuss (1898) and emphasized 


by Chandler (1945) who introduced the terms - 
macro- and microform. The microform, which is . 
more common, is characterized by the sudden onset _ 
of pain or discomfort in one eye, rarely both, which | 
either wakes the patient from sleep or starts when . 
the eves are opened in the morning. Some patients _ 
notice blurred vision at the start of an attack =~ 
(Franke, 1906). Symptoms subside spontaneously | 
within minutes to hours. Depending on the facilities — 
available and the time elapsing after the onset of 
corneal examination may reveal no. 
1888; von Reuss, 
1898; Stood, 1901; Franke, 1906), tear film distur- . 
bance when the upper lid is restrained from: 
blinking (Peters, 1904), localized irregularities of- 
1900), Or . 


symptoms, 
abnormalities (Grandclément, 


refraction visible by skiascopy (Szih, 
superficial greyish dots or flecks (Salus, 1922 


Procksch, 1926) associated with microcysts (Vogt, 
1930; Chandler, 1945; Bron and Tripathi, 1973) |. 
and situated below the corneal centre. Although a... 
history of previous trauma to the affected eye is 


often obtained from patients with recurrent erosion 


in a considerable number of cases the microform is. 


not preceded by trauma (Szili, 1900; Franke, 1906; 


Salus, 1922; Procksch, 1926; Lemoine and Valois, ; ; 
Chandler, 1945; Brown and ` 
Bron, 1976). Recurrences of the enicroforn are both 


more frequent than the macroform and more 2? 
. confirm the importance of exposure in the aetiology 


of recurrent erosion. One would expect that oint- 
ment, by augmenting the naturally-occurring oily 


1930; Spektor, 1931; 


presistent since attacks may recur for many years. i 
The application of ointment to the eyes at night is- 


an established prophylactic measure which greatly 
reduces the incidence of recurrences (von Reuss, 
1898; Stood, 1901; Chandler, 1945; Thygeson, 
1959). i 





. same patient. Thus the microform may immediía 













|^. reduce evaporation from the 
A (Mishima and Maurice, 1961). This property is the 





No eturnal al lagophthal s 


The micro- and macroforms are thought to 


represent the two ends of the recurrent erosion 
spectrum (von Reuss, 


1898; Hirsch, 1:898; ‘Szili, 
1900; Salus, 1922) and both forms can occur in. the 








precede the macroform in the same eye (S 
1901; Procksch, 1926; Brown, 1975), or both for Yi 
may appear simultaneously, one in each eye 
(Procksch, 1926; Brown, 1975). "The frequent 


episodes of the microform which are encountered in 


some patients may be interspersed with occasional 
attacks of the macroform (von Reuss, 1898; Hirsch, 


|. 1898; Szili, 1900; Brown and Bron, 1976). Finally, 


careful examination of the epithelium surrounding | 
a macroform erosion sometimes reveals the presence 
of microcysts (Bron and Tripathi, 1973; Brown and 
Bron, 1976), a characteristic feature of the micro- 
form. 

The striking similarity between the symptoms 
and corneal lesions of nocturnal lagophthalmos and 
the microform of recurrent erosion suggests that - 
these two conditions are identical. In this case it is 
likely that the macroform of recurrent erosion is 
also initiated by corneal exposure during sleep. This 
would explain why recurrences are almost in- . 


variably situated in the interpalpebral zone, but. |^. 
not necessarily at the exact site of the original ^ — 
. injury 
:Szili, 1900; Chandler, 1945; Thygeson, 1059). 


(Hirsch, | 1 898; 3 


in post-traumatic cases 


Examination of the corneal lesions seen in noctur- 


< nal lagophthalmos suggested that epithelial damage 
“might have been caused in two different ways. In 


most patients it appeared that evaporation of the 
precorneal tear film had produced desiccation of 


5. the exposed corneal epithelium. Less commonly, 
the lids had apparently become stuck to the cornea 


when the tear film and lid margin secretions dried 


up. Movement of the lids or globe on waking had 
then disrupted the superficial layers of the corneal. 
epithelium. Thus in several patients the corneal 
: lesions consisted of two horizontal lines of PEK 

parallel with the lid margin (Fig. 6). Previous 
authors believed that adhesion between the corneal 
-and tarsal epithelia could cause a recurrent erosion 
(von Reuss, 


1898), particularly when the eves 
were opened. abruptly (Hirsch, 1898; Sizili, 1900). 


Physical difficulty in opening the eyes in the morn- 
^^ ing accompanied by the onset of pain is sometimes 
described by patients with recurrent erosion (Stood, 
.1901; Hine, 


1951; Bron and Tripathi, 1973; 
Brown and Bron, 1976). The prophylactic effect of- 
ointment applied to the cornea at night tends to 


layer of the precorneal tear film, would greatly 
exposed cornea 
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FIG. 6 Two incomplete horizontal bands of rose bengal 
staining believed to represent position of upper and 
lower lid margins during night. Patient drank 10 or 12 
pints of beer and awoke with a sore eve next day 


only factor common to the wide variety of oint- 
ments (Borlanolin, cocaine, iodoform, boric, 
chloramphenicol, 5 per cent NaCl) which have 
been recommended for the treatment and prophy- 
laxis of recurrent erosion. 

The mechanism whereby corneal exposure 
during sleep produces a recurrent erosion is 
believed to be that of damage to the superficial 
squamous cells of the epithelium. There is evidence 
that these cells represent the main barrier to the 
passage of tear film fluid into the epithelium 
(Tripathi and Bron, 1973). Exfoliation of the 
superficial squamous cells has been described in 
recurrent erosion (Tripathi and Bron, 1972) and 
epithelial oedema is a feature of both the traumatic 
(Goldman, Dohlman, and Kravitt, 1969) and the 
non-traumatic (Tripathi and Bron, 1972) forms of 
recurrent corneal erosion. 

It is suggested that nocturnal lagophthalmos, by 
causing desiccation or disruption of the superficial 
epithelial cells, results in the development of 
epithelial oedema which, together with the epithe- 
lial damage, constitutes a microform recurrent 
erosion. Less commonly, fluid may accumulate 
beneath the epithelium to form a bulla, the rupture 
of which produces a macroform recurrent erosion. 

The normally firm adhesion of the epithelial 
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basement membrane to Bowman's layer may 
become loosened for reasons which are usually 
not clear, although it is known that oedema can 
facilitate epithelial separation (Tripathi, 1972). In 
post-traumatic recurrent erosion a deficiency of the 
basement membrane has been implicated as being 
a cause of the epithelial separation (Goldman and 
others, 1969) but in a case of non-traumatic recur- 
rent erosion the basement membrane was found to 
be intact (Tripathi and Bron, 1972). It is interesting 
that even when the epithelium is only loosely 
attached, the development of a recurrent erosion 
is by no means inevitable. Thus Szili (1900) was 
able to remove almost the entire epithelium without 
difficulty from several asymptomatic patients who 
had a history of recurrent erosion whom he ex- 
amined from between ten days to six weeks after 
their last attack. Despite the lack of epithelial 
adhesion demonstrated in these patients accumu- 
lation of tear film fluid beneath the epithelium was 
presumably prevented by the presence of an intact 
epithelial barrier. Damage to this barrier may be 
followed by bulla formation as in the patient with a 
history of recurrent erosions in the right eye 
(Salus, 1922). Soon after. tonometry had been 
performed on this eye it became painful and a 
bulla was seen which subsequently ruptured. It is 
suggested that a commoner form of epithelial 
damage predisposing to macroform recurrent 
erosions is that caused by nocturnal lagophthalmos. 


Summary 


The symptoms and corneal changes caused by 
sleeping with one or both eyes open are described 
in 102 patients. The clinical picture is identical 
to that of the microform recurrent erosion. The 
close relationship between the micro- and macro- 
forms of recurrent corneal erosion suggests that 
the latter condition is also precipitated by nocturnal 
lagophthalmos. 


Many patients with nocturnal lagophthalmos were 
kindly referred by other doctors working in the Casualty 
Department and particular thanks are due to Dr 
Michael Quinlan. 
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Nocardia asteroides keratitis 
A case report 


R. A. RALPH, M. A. LEMP, anno G. LISS 


From the Cornea Service, Department of Ophthalmology, 
Georgetown University Medical Center, Washington, DC 


Problems in management of ulcerative keratitis 
may arise from delays in diagnosis and from inade- 
quate response to treatment. In the present case, 
a corneal injury was followed by Nocardia asteroides 
keratitis. The organism isolated was sensitive in 
vitro to both sulphonamides and penicillin, but there 
was no satisfactory clinical improvement with 
sulphonamides alone. Good response to treatment 
was delayed until topical penicillin G was added to 
the regimen. 


Case report 


An 11-year-old girl on vacation sustained an abrasion 
of the right eye from a fishline sinker on 26 June 1974. 
The eye was patched over a neomycin-polymyxin B- 
bacitracin ointment in the emergency ward of a local 
hospital. Because of persistent pain, she was examined 
on 2 July by her own ophthalmologist, who noted 
aqueous flare and cells, as well as many fine, cellular 
keratitic precipitates. The corneal surface centrally had 
a smooth, gentle concavity, without infiltrate or staining 
with fluorescein. To the topical antibiotics were added 
homatropine 5 per cent and prednisolone 1 per cent 
solutions, each four times daily, for treatment of the 
iritis. Diagnostic scraping for bacterial and fungal 
culture was performed on 15 July because of the reap- 
pearance of an epithelial defect. When seen in corneal 
consultation on 19 July the patient was using gentamicin 
0'3 per cent solution every 2 hours, together with the 
homatropine 5 per cent and prednisolone 1 per cent 
solutions, each four times daily. 

Uncorrected visual acuity in the right eye was 6/15, 
while that in the left was 6/6. The previously-noted 
epithelial defect had closed, but numerous greyish- 
white subepithelial or superficial stromal opacities were 
concentrated in a central, ring-like distribution of 
about 5 mm in diameter (Fig. 1). After repeating the 
diagnostic scrapings, gentamicin drops were reduced 
to four times daily, prednisolone 1 per cent to twice 
daily, and erythromycin ointment four times a day was 
added. 

Three days later, on 22 July, cultures from the 
original scraping demonstrated growth of an acid-fast 
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organism with long, branching, fragmenting hyphae. 
Colonies were at first chalky white, later becoming 
orange, and they grew on both the bottom and the 
surface of Sabouraud’s broth. At room temperature, 
the organism grew slowly on Sabouraud’s agar without 
antibiotics, on a blood agar plate (10 per cent sheep 
blood), and on Léwenstein-Jensen medium. It failed 
to grow on the Sabouraud's plate in the presence of 
inhibitory antibiotics. Growth on all of the above 
media, including those containing antibiotics, was 
rapid at a temperature of 35 C. There was no growth on 
any medium at 45 C. The organism was positive for 
nitrate, catalase, and urea. It failed to hydrolyze casein, 
xanthine, trypsin, and starch. Guinea-pig intraperitoneal 
inoculation allowed recovery of acid-fast organisms in 
7 to 8 days. Because of the above cultural and biochemi- 
cal patterns, the organism was classified as N. asteroides, 
sensitive to penicillin, ampicillin, streptomycin, and 
triple sulpha. 

The eye was more congested by 22 July and there was 
generalized corneal oedema, consistent with a visual 
acuity of perception of light with projection. Scrapings 
repeated at that time demonstrated long, branching 
hyphae (Fig. 2), and eventually grew out N. asteroides. 
Subconjunctival ampicillin 125 mg was injected, 
followed by 30 per cent sodium sulphacetamide drops 
every hour and to per cent sodium sulphacetamide 
ointment at bedtime. 





Nocardia asteroides keratitis. Three weeks 
after injury with a fishline sinker. Multiple superficial 
stromal opacities in ring-like distribution 


FIG. I 
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FIG. 2 
Gram stain. < 200 


The cornea improved rapidly and 5 days later there 
remained only a persistent ring of subepithelial punctate 
opacities. The lesion was once again scraped, and peni- 
cillin G drops 294 ooo units per ml (in an artificial tear 
solution) were added, alternating hourly with the sodium 
sulphacetamide drops. 

The remaining opacities cleared gradually, and the 
epithelium healed. When examined on 12 August 1974, 
the uncorrected visual acuity was 6/12; there was a 
central superficial stromal scar, with an overlying 
epithelium (Fig. 3). Topical penicillin was discontinued, 
and the sodium sulphacetamide was gradually stopped 
during the next 2 weeks. 


Discussion 


Few case reports have been published describing 
N. asteroides keratitis (Schardt, Unsworth, and 
Hayes, 1956; Newmark, Polack, and Ellison, 1971). 
In each instance, however, injury occurring out- 
doors has been a common factor, since a frequent 
source of Nocardia is the soil. Previous reports have 
not emphasized the unusual appearance of the 
involved eye. Lesions affect only the superficial one- 
third of the corneal stroma. Adjacent opacities may 
be arranged in a confluent, ring-like distribution, 
as in the present case. Eventual resolution leaves 
superficial stromal scarring and surface irregularities. 
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Nocardia asteroides keratitis, Scraping of lesion reveals branching hyphae among inflammatory cells. 


Nocardia asteroides is composed of gram positive, 
weakly acid-fast filamentous forms, with diameters 
of o5 to 1:0 um (Fig. 2). In early cultures, branching 
of filaments at right-angles is distinctive, but in 
older colonies these tend to fragment, producing 
bacillary and coccoidal forms, more closely resemb- 
ling bacteria than fungi (Meyer, Font, and Shaver, 





Nocardia asteroides keratitis. After therapy 
with topical penicillin G. The epithelium has grown 
over persistent superficial stromal opacities 


FIG. 3 
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1970). The acid-fast characteristics are more 
obvious in tissue, and less evident in culture. 
Blood and Sabouraud’s agar are good substrates 
for pathogenic Nocardia, which generally mature 
satisfactorily at temperatures between 35° and 
37°C. Because they are slow growing, however, 
colonies may not be evident on the culture plates 
for several days. Culture media containing chloram- 
phenicol, penicillin, and streptomycin are inhi- 
bitory to Nocardia, and should not be used for 
primary isolation if this organism is suspected 
(Murray, Finegold, Froman, and Will, 1961). 

In most cases, Nocardia is sensitive to penicillin, 
sulphonamides, and tetracycline. The case reported 
by Schardt and others (1956) responded to systemic 
and topical oxytetracycline, while that of Newmark 
and others (1971) was treated successfully with 
systemic sulphadiazine, together with topical 
sulphacetamide and tetracycline. 

In the present case, contamination of an injured 
cornea with N. asteroides had led to a symptomatic 
infection by the fifth day after the accident. As 
in the patient described by Newmark and others 
(1971), persistence of inflammation and worsening 
on a combination of topical antibiotics and cortico- 
steroids prompted a vigorous search. for an 
atypical pathogen. Indeed, the offending organism 
was identified, but only after the delay of one week 
that is often characteristic of the slow-growing 
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Nocardia. Although sensitivity studies suggested 
that subconjunctival ampicillin and hourly sodium 
sulphacetamide would constitute effective treat- 
ment, only when penicillin G drops were added 
did the cornea clear maximally and the epithelium 
heal. k 


Summary 


An 11-year-old girl developed a corneal ulcer 
five days after sustaining a corneal abrasion from a 
fishline sinker. After more than three weeks, the 
epithelial defect had closed, but superficial stromal 
opacities in a ring-like distribution had not cleared 
on topical gentamicin, prednisolone 1 per cent, 
and atropine. Several scrapings disclosed the 
presence of branching hyphae on smear, eventually 
identified as Nocardia asteroides by culture. Al- 
though sensitivity studies suggested that subcon- 
junctival ampicillin and hourly sodium sulphaceta- 
mide would constitute effective treatment, resolu- 
tion was only partial on this regimen. Only when 
penicillin G drops were added did the cornea clear 
maximally and the epithelium heal. 


The authors wish to express their thanks to Joseph C, 
Stone, Mycologist, Wheaton, Maryland, USA, for 
his painstaking efforts in conclusively identifying the 
offending organism. 
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The applanation pneumatonograph (PTG) is a — - 
machine which can measure the intraocular pres- 
sure, aqueous humour dynamics, and the ocular ` 
pulse. It has been developed principally by Lang- 


ham and McCarthy (1968), Walker and Litovitz 


(1972), and Walker and Langham. (1975). The | 


instrument is a combination of a pneumatic. and 


an electronic system, The pneumatic part of the — 
instrument measures the intraocular pressure with ^. 
~~ the help of a small and delicate sensor that appla- ; B NYUI 
.. nates the cornea and floats on an almost frictionless —- The patient was seated erect in a chair and tonometry - 
<o was performed with the patient looking straight ahead. 
_ The sensor was applied to the apical zone of the cornea — 
< for about 5 seconds. Correct applanation was confirmed 
. by a gentle whistle, and the tension was shown on the © 
digital display and registered on the graph. paper 
(o (Fig. 3). To determine the degree of reproducibility, 
(| two consecutive readings were performed at a s min 
um interval. 
... applanation tonometry on the Haag-Streit slit lamp with. 
o a Goldmann tonometer. Both instruments were calh- 
brated periodically, particularly the PTG, during. 
testing. | 


air bearing. The electronic part converts these 


measurements into electronic signals, which can | 
be shown on the digital display or recorded on a 


continuous. chart, providing a permanent record 
of the intraocular pressure, pulse, or tonography. 
‘The merits of the instrument are threefold. It 
is portable and provides a continuous recording of 
the intraocular pressure in either the supine or 
sitting position, Secondly, it- is possible to do 
tonography with easy calculation of the facility of 
outflow, and thirdly, a recording of the ocular 


pulse can be obtained. An essential element of the. | 


PTG is the sensor, see Fig. 1. This is made of 
plastic and covered with a thin silastic membrane 
which makes contact with the cornea. A gas, 
dichloro-difloromethane (CCLF,) is passed into 


the system through a solenoid valve. The pressure 
. .thrusts the piston and sensor forwards causing the 
= membrane to applanate the cornea. The pressure 


. continues to increase until it is equal to the intra- 
ocular pressure. Since the sensor-piston is free- 
floating, a balance is achieved between the intra- 
ocular pressure on the one side and the gas pres- 


.— sure on the other, and a measurement of the intra- 


. ocular pressure. can thus be made. As long as the 


.. piston is allowed to float, the pressure is registered 


on the chart and on the digital display. À weight 
(Fig. 1) is applied above the disc in tonographic 
procedures. The whole instrument is shown in 
Fig. 2. 
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; Material and methods 


To compare the recordings of the PTG with those of 


the Goldmann tonometer, two groups of patients were 


examined. The first comprised 20 normal subjects 
(40 eyes) with an. age range of 50 to 7o years, and the 


second a group of 35 glaucomatous. patients (40 eves) 
with an age range of 55 to 8o years, 


"The appropriate adjustments were. made to. the. 


controls of the PTG. The eyes were anaesthetized with. > 
a O4 per cent solution of benoxinate hydrochloride. 


The patient was then given- conventional. 


-To avoid any disturbance of the results, the ocular 


"ospulse was recorded in normal eyes 15 min after taking 
the intraocular pressure measurements. After necessary 
adjustment, the sensor was re-applied to the cornea 
and the ocular pulse was recorded (Fig. 4), the amplitude 
- Pens calculated in mmHg. 


E Results 
: “The comparative recordings of the intraocular | 


m pressure by applanation tonometry and the PTG 
-in 40 normal eyes are shown in Fig. 5. The mean 


intraocular pressure was 18:25--0:23 mmHg with ] 
he PTG, and 17-5-+-0'19 mmHg with the Gold- 
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LAXE 


ALCON APPLANATI 


FIG. 2. Alcon applanation pneumatonograph 


mann applanation tonometer. The PTG gave higher 
recordings than the Goldmann applanation tono- 
meter. Standard deviation of readings with the 


P'TG was 1°58 and with the Goldmann tonometer 
1°17, with a correlation coefficient of o:871. 
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FIG. 4 Drawing of ocular pulse recording 
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Fig. 6 shows that 32:5 per cent of the normal and 
30 per cent of glaucomatous eves had the same 
readings with both the PTG and applanation 
tonometer; however, 60 per cent had higher 
readings with the PTG. The maximum difference 
was 2:5 mmHg in normal eyes and 4:5 mmHg in 
glaucomatous eves. 

Repeated measurements with the P'T'G at 5 min 
intervals in 40 normal eyes gave exactly similar 
readings in 70 per cent, higher in 20 per cent, and 
lower in ro per cent. 

The mean intraocular pressure in glaucomatous 
eyes was 35'753- '25 and 34:54-0:75 mmHg with 
PTG and Goldmann tonometry, respectively; the 
difference was 1:25 mmHg. 

In normal patients the mean ocular pulse was 
3:25 + 0'21 mmHg (range of 2:5 to 4:5); the stan- 
dard deviation was 0°35. 


Discussion 


Goldmann applanation tonometry has been an 
accurate method of measurement of intraocular 
pressure and the results have been shown to agree 
with manometrically-determined pressures. The 








«intraocular pressure ( mmHg) 


FIG, 5. Intraocular pressure in 40 normal eyes with 
PTG and Goldmann tonometer 
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yiG. 6. Distribution of difference between intraocular 
pressure in normal and glaucomatous eyes, obtained with 
PTG and Goldmann tonometer 


pneumatonograph gives a comparable accuracy in — 
the recording of intraocular pressures and has the 
in different. 
- reported by Bynke (1968), Best and Rogers. (19 74), 


advantage of being reproducible 


postures; the influence of posture on intraocular — 
pressure can, therefore, be more exactly deter- . 
mined. Applanation pneumatonography is more = 
versatile as it is portable and does not require a 
slit lamp or fluorescein, and a permanent written 


record is available. 


Our study shows that in normal and glaucomatous 
oys mmHg in. 
normal and 1:25 mmHg in glaucomatous eyes. . 
The mean difference in our series is slightly less . 
than that reported by Quigley and Langham (1975) 
.. in roo normal eyes. The correlation coefficient of. 
| 70871 is highly significant suggesting a good agree- 
Ea ‘ment between the PTG and the Goldmann read- | 
ings. It must, however, be noted that the difference : 
between the PTG and the Goldmann readings: 
tends to increase with the higher pressures and 


eyes the difference was small: 


particularly in glaucomatous cases. 


Table Comparison of means and standard deviations 


PTG 











Method | | 
Authors Jain and Quigley and 
| Marmion Langham 
D 1975 1975 
Mn c 1825-Lo25 4 2rgo- 0-81 


Standard - 
deviation 1'59 2:83 





N OD ito 1550 bO 1650 (7O 1750 180 1850 19-0 19- o 









Goldmann tonometry 








| evaluation of the applanation pneumatonograph 109 


Moses and Liu Medi showed inet there v was a 





difference in the resmuinder paleis tha H 


: external force applied in this technique i is compara- | 
tively less than with the Goldmann. tonometer. 


This finding makes the PTG more acceptable for 


| ^. dose-response studies where frequent readings. at 


Short intervals are essential. 
The mean intraocular pressure in the normal 


| patients examined compares poorly with normal 


pressures as reported by Tierney and Rubin 


: (1966), Becker and Shaffer (1961), and Armaly 


and Salamoun (1963), but reasonably well with 
recent studies. of Quigley and Langham (1975) 
(Table). The variation with earlier authors. is 
probably due to the different age group examined. 


. Our normal cases were between 5o and 70 vears . 
of age and, therefore, are more comparable with. 


the glaucomatous group, and representative of a 
normal ageing population. 

The amplitude of ocular pulse. as analysed in 
40 normal eyes had a mean value of 3:25--0:21 
mmHg (range of 2:5 to 4^5). This is close to that. 


and Quigley and Langham (1975). | 
It was, however, observed that, in cases with an^ 


ocular pulse of more than 3 mtaHg, visual estis 
‘mation of the point of inner ring contact in Gold- 


mann tonometry introduces an important variation 


_ in readings, whereas the PTG provides a graphic 
_ recording of systolic and diastolic pulse pressure. 
-< Moreover, its readings do not have the potential 
inaccuracy of visual mean estimation nor the pos- 
‘sible bias of a hand-operated scale as with the 
‘Goldmann tonometer. 


An important advantage of the PTG over the 
Goldmann lies in its ability to measure intraocular 
pressure. independent of posture. ‘This prov ides a 


as noted by. 


' abplanation readings © 
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mpler means of studying the postural effects of 770 
intraocular pressure on individual eyes. The mean |. 
pressure increment in normal eyes, 








Langham (1974), Armaly and Salamoun (1963), 
and Langham and McCarthy (1968), was 2:1, 
s. 2°63, and 1°78 mmHg, respectively. The postural 
|. difference in pressure is of significance in the 
diagnosis of borderline cases of glaucoma, parti- 


. cularly those where the postural element is marked. 


The correct application of the sensor to the 
cornea is confirmed by a whistle emitted from the 
PTG. The sensor tip is generally applied to the 
apical zone of the cornea for convenience and quick 
results, but it can also be applied to paracentral or 
 para-apical zones with satisfactory results. This 
fact was confirmed in a few of our cases and we 
were successful in determining the intraocular 
pressure in two cases of central corneal ectasia 
where neither Goldmann nor Schiótz tonometry 
was possible. Its comparatively gentle touch. and 
ability to record pressure in any position, without 


the use. of fluorescein, enable the recording of 
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pressures in the immediate postoperative period 
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Several. authors (Anderson and. Grant, 


i (IOP) in the supine position is about 2-5 mmHg . 
a higher than in the seated position. The measure- 
ments were carried out using various types of . 


tonometers. 


'The object of the present study was to investigate | 
the postural response of intraocular pressure, using 
the pneumatonograph mod. 40* (PTG), the 


Perkins hand-held tonometer, and the Goldmann - |. timeson each eye and with each instrument 3-5 min after >- : 


tonometer. The PTG gives an instantaneous and changing position. 


continuous record of the intraocular pressure. It —— 
was described by Langham and McCarthy (1968), = 
and the results of clinical trials were reported by Results 
Geib, Kriegelstein, and Waller (1974); it would | CALIBRATION 
seem to be particularly suitable for recording the __ 


IOP in various postures. In this study the Gold- - 


mann applanation tonometer attached to a Haag- 


Streit slit lamp mod. 900 was used for the sitting _ 
position, and the Perkins hand-held tonometer _ 


-~ (Perkins, 1965) and the PTG were used for the 
seated and supine positions. 





7 E and. Brubaker, 1973; Kriegelstein and Waller, 
19753 F lament, 1969; W hitty, 1969; Wallace. and 


T Lovell, 1968) 


S 3 Material and methods 


m The PTG Was. used as suggested. by Langham and 
^ McCarthy (1968), but only in the x r gain code. 
2C Pressure calibrations were perfori 
voy and ho zontal positions, using a human cornea clamped 





ed i in the vertical 


: ud chamber which M iet with \ water “and 
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Postural change and intraocul: 


fluorescein (Fenton, 
-carried out by the same investigator and repeated three 













s Good agreement | 
between readings of the Perkins tonometer and — 
iann tonometer has been. reported (Dunn 


" pressure in 


1973}. S / cornea, so that a reproducible reading: could be obtained. 
Galin,.Mclvor, and Magruder, 1963; Hetland- 
Eriksen, 1966; Kriegelstein and Langham, rysa; .— ‘Clinic at the Institute of Ophthalmology in London: on 
Roberts and Rogers, 1964; Tarkkanen and Leikola, och 33 outpatients of both sexes who had primary glaucomas 


1967) have reported that in normal subjects and in 
glaucomatous patients the intraocular pressure —_ tonometers were used in sequence on patients in the. 
seated position, first on the right eye, then on the left... 
Tight elothes were loosened before the measurements ^C 


The clinical tests were carried out in the Glaucoma 


of various types. Some eyes were receiving medical. 
;.treatment and some had had drainage surgery. The three 


were taken and each patient was asked to lie flat without 
a pillow for measurements in the supine position using | 


the Perkins tonometer and the PTG. The eyes were) 
anaesthetized with a mixture of oxybuprocaine and. 


1965). All measurements. were 


.. With the Perspex chamber arranged for horizontal 
|. application of the tonometer the calibration was | 
linear from 5 to 3o mmHg and the readings were 
identical with those of the manometer (Fig. 1). 
It was found possible. to obtain: higher readings by 


increasing. the pressure on the sensor against the. 
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FIG. 2 Calibration of PTG for vertical application of 
sensor. (Corresponding to horizontal position of patient) 


cornea without any alteration to the quality of the 
sound signal, which is said to act as a control for 
false readings. The recordings with vertical appli- 
cation of the tonometer showed higher readings 
(up to 30 mmHg), while above 35 mmHg the 
readings were lower than those of the manometer 


(Fig. 2). 


CLINICAL TESTS 


The mean values of the intraocular pressure 
measurements in 105 eyes are shown in Table I. 
No significant difference could be found between 
the Goldmann and the Perkins tonometric measure- 
ments in the seated position, Table II. Highly 
significant differences resulted, however, when 
the Perkins tonometric and the PT'G readings in 
the seated and supine position were compared. 
Fig. 3 shows the Perkins and Goldmann tono- 
metric readings and Figs 4 and 5 show the Perkins 
tonometric and the P'TG readings, plotted for 
different positions. Table III shows the frequency 
of discrepancies between the PTG and the Perkins 
tonometer readings in the present study. The 
discrepancy can be reduced if the P'T'G readings 


are corrected by -4 mmHg for the seated position 
and —3 mmHg for the supine. 


Discussion 


The significant increases in IOP on changing 
from the sitting to the supine position of 4:1 mmHg 


Table I Mean readings and standard deviations 
of IOP in 10$ glaucomatous eyes measured with 
Goldmann tonometer in seated position, and with 
Perkins tonometer and PTG in seated and supine 
position 





Mean value + SD (mmHg) 








Tonometer —— 
Seated Supine 
Goidmann 20°42 45°01 — 
Perkins 20°20 + 5'OI 24'345 67 
PTG 24:343: 4:90 27:06 +: 4°79 
50 
Seated 


te 
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Perkins tonometer (mmHg) 





O IO 20 30 40 SO 
Goldmann tonometer (mmHg) 


FIG. 3. Comparative IOP measurements with Goldmann 
and Perkins tonometers in series of 105 glaucomatous 
eyes in seated position 


Table II Mean differences, significance, and correlation coefficients of IOP in 105 glaucomatous eves using 
Goldmann tonometer in seated position, and Perkins tonometer and PTG in seated and supine position 














Mean difference + SD (mmHg) Significance 
Tonometer ————— M ———— of the mean Correlation 
Seated Supine difference coefficient 
Goldmann/Perkins -022 -+094 Not significant 0:978 
Goldmann/P' TG --3:93:b: 2:30 P< o-0005 o:887 
Perkins/PTG cai4dzui P< o:0005 O'9OI 
Perkins/PTG c2744:277 P < o'0005 0:864 
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Table HI Differences in PTG and Perkins tonometric readings as found in this study compared with PTG 
readings corrected by -4 mmHg in seated and —3 mmHg in supine position 





No. of readings 


Difference PTG-Perkins T ( -- mmHg) 


Seated 
Up to 1 I4 
2 0r 3 25 
4 or above 66 





PTG readings corrected by 
Supine ~4 mmHg —3 mmHg 
Seated Supine 
33 52 48 
40 43 34 
32 IO 23 
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FIG. 4 Comparative IOP measurements with Perkins 
tonometer and PTG in series of 105 glaucomatous eyes 
in seated position 


with the Perkins tonometer and 2:8 mmHg with 
the PTG are comparable with the measurements 
of Geib and others (1974) and other workers. 

The accuracy of the PTG is worth some dis- 
cussion. The PTG showed a mean reading of 3:9 
mmHg higher than that of the Goldmann tono- 
meter and 4°1 mmHg higher than the Perkins 
tonometer in the seated position; it was 2:6 mmHg 
higher than the Perkins tonometer in the supine 
position. Geib and others (1974) found in their 
study that an average reading of the PTG was 2:9 
mmHg higher than that of the Goldmann tonometer. 
Kriegelstein and Langham (1975b) subtracted 2 mm 
Hg from readings, when using the P'TG in their 
work on low-tension glaucoma. 

In the present study 63 per cent of PTG read- 
ings differed by 4 mmHg or more when compared 
with the readings of the Perkins tonometer in the 
sitting position, the corresponding figure in the 


supine position being 30 per cent. Subtracting 4 
mmHg from the PTG readings in the sitting posi- 
tion and 3 mmHg in the supine position reduces 
«he discrepancy between the two methods. Such a 
correction does not alter the rather large scatter of 
PTG readings compared with the Goldmann or 
Perkins tonometer readings. In clinical practice 
accurate tonometry is important at the upper level 
of normal pressures, approximately 21 mmHg; 
at this level the PTG readings differed from the 
Goldmann reading by -3 to +10 mmHg in the 
sitting position and by —4 to +12 mmHg from the 
Perkins tonometer readings in the supine position. 

It should be pointed out that the PTG used in 
this study was an early model, but the satisfactory 
calibration curves obtained on the isolated human 
cornea suggest that the instrument was working 
correctly. The discrepancies between PTG read- 
ings and those of other tonometers could have 
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FIG. 5 Comparative IOP measurements with Perkins 
tonometer and PTG in series of 105 glaucomatous eyes 
in supine position 








resulted from variations in the position of the sensor 
on the cornea and the higher mean readings 


probably resulted from an indentation of the cornea 


` causing an increase in IOP. A modified sensor 
-. With a pneumatic bearing to limit this effect has 
been described (Walker and Langham, 1975). 


^: Conclusions 


| In. glaucomatous eyes the IOP was found to be 
3-4 mmHg higher in the supine position than in 
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the seated position when the pressure was measured 
3-5 min after the change in position. The accuracy 
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Provocative tests in closed-angle glaucoma 


R. MAPSTONE 
From St Paul’s Eye Hospital, Liverpool 


The absence of a provocative test with proved 
predictive value, in eyes at risk of developing 
closed-angle glaucoma, creates many problems— 
for example, a patient presents with a family 
history of acute closed-angle glaucoma and has 
narrow angles. What is the probability of his 
developing an acute attack ? 

Gonioscopy is of no help in answering this 
question since an assessment of the narrowness of 
an angle is a subjective one. If—on the basis of 
gonioscopy findings—an angle is thought to be 
capable of closure thea three options are open to 
the ophthalmologist: 

1. All such eyes require prophylactic iridectomy 

2. Some such eyes require iridectomy 

3. Gonioscopy provides insufficient evidence on 

which to base a decision and therefore other 
criteria must bs invoked. 

The first option is rarely, if ever, adopted. The 
second option is logically inconsistent, and the 
third a reasonable inference. It is perhaps relevant 
to mention that it is unnecessary to perform gonio- 
scopy to determine the narrowness of an angle. Van 
Herrick and Shaffer (1969) showed that moving 
the slit beam to the corneal side of the limbus is— 
with practice—just as informative on this point. 

Again, no prospective studies are available to 
show which narrow angle will close—indeed, 
there would be no point in such a study because 
one would merely be left with one group of (gonio- 
scopically) narrow angles that occluded and another 
group that did not, but with insufficient quantita- 
tive data on which to base a decision in a particular 
eye. 

A more useful approach would be to devise a 
provocative test scheme from which it could be 
inferred with a high degree of probability that a 
particular eye would (or would not) develop angle 
closure. Such a scheme would have the following 
characteristics : 

I. À sound theoretical and experimental basis 

2. Simplicity 

3. Speed (not time-consuming) 

4. Reproducibility 


Address for reprints: R. Mapstone, St Pauls Eye Hospital, 
Liverpool L3 9PF 


No false positives 

No false negatives 

No danger to the patient 

It would be within the limits of normal 
experience, that is, physiological. 

It is probable that these criteria will prove 
difficult to meet. The purpose of this paper is to 
describe and illustrate a scheme which goes some 
way towards that goal. 


Me TOLL SI 


Material and methods 


Altogether 119 eyes from 100 patients were selected for 

provocative testing on the basis of the following criteria: 

1. Acute closed-angle glaucoma in the contralateral 
eye 

2. Chronic closed-angle glaucoma in the contra- 

lateral eye 

3. A history of intermittent. closed-angle glaucoma 

in one or both eyes 

4. A central retinal vein occlusion in the contralateral 

eye associated with narrow angles. 

Each eye was provoked as follows: 

At zero hours a photograph of the anterior segment 
was taken. Pilocarpine drops 2 per cent and phenyle- 
phrine drops rọ per cent were instilled alternately 
three times at 1 min intervals, and the intraocular 
pressure was recorded. Subsequently, at approximately 
half-hourly intervals, phenylephrine 10 per cent was 
instilled, an anterior segment photograph was taken, 
and the intraocular pressure recorded. As soon as the 
intraocular pressure had increased significantly (more 
than 8 mmHg) intravenous acetazolamide soo mg, 
thymoxamine drops o'5 per cent, and pilocarpine drops 
2 per cent were instilled. Pressures were measured and 
anterior segment photographs were taken thereafter at 
approximately hourly intervals. The slides were subse- 
quently projected and P/C* ratios calculated in the 
horizontal meridian. 

If, after 2h, the above test was negative then a 
further dose of pilocarpine 2 per cent was instilled, 
together with 10 per cent phenylephrine, and the test 
continued as described above. If, 14 h later, the intra- 
ocular pressure had not increased, thymoxamine drops 
o'5 per cent were instilled to terminate the test. 

On another day, eyes that were negative to the pilo- 
carpine and phenylephrine test were re-provoked as 
follows: 

At zero hours an anterior segment photograph was 


*PIC = Pupillary and corneal diameters 
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taken, tropicamide drops o:5 per cent three times at 
1 min intervals were instilled, and the intraocular 
pressure was recorded. Subsequently, at approximately 
half-hourly intervals, an anterior segment photograph 
was taken and the intraocular pressure recorded. As 
soon as the intraocular pressure had increased signifi- 
cantly, with evidence of angle closure, intravenous 
acetazolamide 500 mg was given and pilocarpine 2 per 
cent instilled. If after 2 h the pressure increase was 
less than 8 mmHg, pilocarpine 2 per cent was instilled 
and the test terminated. 

Gonioscopy was not routinely done; the presence of 
partial or complete angle closure can be quickly and 
adequately determined by moving the slit beam to the 
corneal side of the limbus in the four quadrants. 


Results 


Fig. 1 shows that 66 (55:5 per cent) were positive 
with simultaneous pilocarpine and phenylephrine 
alone. This figure is increased by eight to 74 
(62 per cent) if additional pilocarpine was instilled 
after 2 h, in the patients who were initially nega- 
tive with simultaneous pilocarpine and phenyl- 
ephrine. Of the remaining 45 patients nine (8 per 
cent of the total) were subsequently positive on 
re-provocation with tropicamide. 'l'hus, of the 
119 eyes, 83 (70 per cent) responded to provocative 
testing with a positive result; 36 or 3o per cent 
were negative. 
The eyes provoked, therefore, fell into four 
groups: 
1. Simultaneous pilocarpine and phenylephrine 
produced a positive result (66 or 55 per cent) 
2. Additional pilocarpine was necessary to 
provoke angle closure (8 cr 6^7 per cent) 
3. Pilocarpine and phenylephrine were negative 
but tropicamide was positive (9 or 7:6 per cent) 
4. Neither test was positive (36 or 30 per cent). 
'The mean statistics relating to these four groups 
are shown in the Table under the following head- 
ings: 
1. Number of eyes 
2. Time interval (min) between start of provoca- 
tive test and rise in intraocular pressure 
Time between second dose of pilocarpine 
and rise in pressure 
4. Rate of rise in intraocular pressure 
5. Increase in intraocular pressure 
6. Total time taken 
7 
8 


d 


. P/C ratio at onset of rise in pressure 
P/C ratio at second instillation of pilocarpine 


Add 
Pilocarpine 






Pilocarpine and 
Phenylephrine 


Positive 





Negative 








g. P/C ratio at termination of provocative test 
10. Maximum P/C ratio with pilocarpine and 
phenylephrine 

11. Maximum P/C ratio with tropicamide. 

The results for the simultaneous pilocarpine 
and phenylephrine group are summarized in Fig. 2. 
After 63 min the intraocular pressure began to 
increase at a P/C ratio of 0:57. The increase in 
pressure was 21:5 mmHg; 79 min after intravenous 
acetazolamide, the intraocular pressure had re- 
sumed a normal level and the P/C ratio fallen to 
0:23. The total time taken was 2 h 22 min. 

The results for the eight patients in the simul- 
taneous pilocarpine and phenylephrine group in 
whom additional pilocarpine was necessary to 
provoke angle closure are summarized in Fig. 3. 
All times were at least doubled—after 3 h $ min 
the intraocular pressure began to rise (on average 
34 mmHg) at a P/C ratio of o:40 (having decreased 
from 0'43). After intravenous acetazolamide the 


O37 O23 FIG. 2 Mean 
statistics of eves 
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closure by 
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FIG. 3 Mean statistics of eyes provoked to angle 
closure by stmultaneous instillation of pilocarpine and 
phenylephrine, in which additional pilocarpine was 
necessary. P/C ratios at instillation of pilocarpine, 
angle closure, and termination of test are shown 


FIG. 1 Results of provocative tests 
with pilocarpine, phenylephrine, 
and tropicamide 


Bo: 


pressure resumed a normal level 2 h 14 min later 
and the P/C ratio had fallen to o:25. The total 
time taken was 5 h 19 min. 

The results for the nine patients in whom provo- 
cation with pilocarpine and phenylephrine was 
negative, but re-provocation with tropicamide was 
positive, are summarized in Fig. 4. After 47 min 
intraocular pressure began to increase (on average 
22:7 mmHg) at a P/C ratio of o:52. After intra- 
venous acetazolamide, 77 min later, the pressure 
had fallen to normal at a P/C ratio of 0-3. The total 
time taken was 2 h 4 min. 

Application of Student's £ test to any P/C ratio 
(Table) from pilocarpine and phenylephrine pro- 
vocative tests (positive or negative), in any combi- 
nation taken two at a time, shows no significant 
difference. Similarly there 1s no significant differ- 
ence between positive and negative tropicamide 
P/C ratios. There is however a significant difference 
between any pilocarpine and phenylephrine ratio 
and any tropicamide ratio (at the 1 per cent level). 
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The mean age of the patients in the simultaneous 
pilocarpine and phenylephrine positive group was 
62:8 years (range 34 to 8o). For the group in whom 
all provocative tests were negative the mean age was 
65:6 years (range 48 to 84). Application of Student's 
t test to these two means showed no significant 
difference. 


Discussion 


The theoretical and experimental basis for this 
approach to provocative testing has been discussed 
in previous papers (Mapstone, 1974a, b, c, 1976) 
and depends on the following considerations: 

a. The pupil blocking force—and therefore pupil 
block—1is due mainly to the sphincter muscle. 

b. Angle closure most commonly occurs at 
around mid-dilatation. 

c. Hence to provoke angle closure the ideal 
situation would be a mid-dilated pupil in 
the presence of increased sphincter activity. 
This is achieved by instilling phenylephrine 
and pilocarpine simultaneously. The former 
produces just sufficient dilatation to allow 
enhanced sphincter activity—produced by 
pilocarpine—to increase pupil block. The 
pressure of aqueous 1n the posterior chamber 
then ‘pushes’ a lax iris on to the cornea and 
closes the angle. 

d. It has also been shown that additional pilo- 
carpine—after the simultaneous instillation 
of pilocarpine and phenylephrine—can pre- 
cipitate angle closure by a mechanism inde- 
pendent of a significant change in sphincter 


Table Mean statistics obtained during provocative testing 





Pilocarpine and 
phenylephrine 
Test positive 
Number of eyes 66 
Time between start of test and rise 
in pressure (min) 63 
Time between second pilocarpine 
instillation and rise in pressure v 
Rate of rise in pressure (mmHg/min) 1in 37 
Increase in pressure (mmHg) 21°5 
Total time taken (min) 142 
P/C ratio at angle closure 0°37 
P/C ratio at second pilocarpine 
instillation — 
P/C ratio at end 0:23 
Maximum P/C ratio with pilocarpine 
and phenylephrine 0:37 


Maximum P/C ratio with tropicamide — 
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activity. It was suggested that the additional 
mechanism was an increase in trabecular 
meshwork outflow ‘pulling’ the iris on to the 
cornea. 

e. Finally, it was shown that in some eyes too 
much parasympathetic activity precludes the 
development of angle closure, but that, with 
a mid-dilated pupil obtained by parasympa- 
thetic inhibition (tropicamide), pupil block was 
sufficient to allow the pressure in the posterior 
chamber to ‘push’ the iris on to the cornea. 

The remaining criteria for an ideal provocative 
scheme mentioned in the introduction are not 
completely fulfilled: 

By no yardstick can the tests be considered 
difficult and 9o per cent are complete within 23 h. 
There remain, however, 10 per cent (the simul- 
taneous pilocarpine, phenylephrine, and additional 
pilocarpine group) in whom the test takes approxi- 
mately 5 h—although basic ophthalmic care is 
necessary only after 3h. No doubt these times 
could be shortened by measuring pressures more 
frequently. There has to date been one false nega- 
tive (see below) and false positives are by their 
very nature impossible to prove—-since a positive 
provocative test cannot be ignored. The question 
whether these tests are 'physiological —that is, 
within the limits of the possible autonomic stress 
to which an eye may be exposed—must also be 
considered. 

Parasympathetic inhibition and excitation present 
no problem since they have their clinical counter- 
part in the dark room and reading provocative 
tests. Combined maximal sympathetic and para- 
sympathetic stimulation does however present 
difficulties. It is possible to conceive of situations 
in which this can happen—for example, reading a 
salacious novel—but does not constitute proof. 
Finally, there was no evidence to show that any 
eye lost vision or field as a result of a positive 
provocative test. 

The significance of parasympathetic activity in 
precipitating angle closure is well illustrated by the 
results of provocative testing with simultaneous 
pilocarpine and phenylephrine. In the 66 eves 
that developed closed-angle glaucoma, sphincter 
muscle activity was at a near maximum and the pupil 
mid-dilated, ideal conditions for developing ‘push’ 
closed-angle glaucoma. However, a further eight 
patients developed closed-angle glaucoma only 
after the instillation of a second dose of pilocarpine 
(Fig. 3). The change in pupil diameter (and hence 
pupil blocking force) was not statistically signifi- 
cant, so that an additional parasympathetic mecha- 
nism was necessary. It has already been suggested 
that an increase in trabecular meshwork outflow is 
the most probable result—in effect ‘pulling’ the iris 
on to the cornea. 


That nine eyes developed a positive test with 
tropicamide but were negative with simultaneous 
pilocarpine and phenylephrine presents something 
of a paradox. There is a significant difference 
between the P/C ratios of eyes at angle closure 
induced by pilocarpine/phenylephrine and tropi- 
camide. Furthermore, eyes that were positive with 
tropicamide had already responded negatively to 
pilocarpine/phenylephrine and, between the P/C 
ratios for (negative) pilocarpine/phenylephrine and 
(positive) tropicamide tests 1n the same eye, there 
was a significant difference. It is a necessary con- 
sequence, therefore, that in some anterior segments 
too much parasympathetic activity precludes the 
development of angle closure, the most probable 
explanation being that with a smaller pupil diameter 
the iris is too taut to become sufficiently bombé to 
close the angle. With tropicamide the pupil dia- 
meter is larger and the iris more lax, but pupil 
block significantly reduced. Nevertheless angle 
closure still occurs, and it must be concluded 
that in some eyes a minimal pupil blocking force 
is sufficient to produce angle closure—-that 1s, this 
form of closed-angle glaucoma is precipitated by 
pupil block alone. 

The 36 eyes in which all tests were negative 
form an interesting group. In five there was signifi- 
cant anisometropia with amblyopia although it 
was not always the more hypermetropic eye that 
developed an acute attack. As a group, however, 
there was no significant difference between the 
P/C ratios attained during provocative testing as 
compared with the positive groups; it is reasonable 
to conclude that autonomic drug delivery in all 
groups (positive and negative) was therefore the 
same. It could be argued that the anatomical pecu- 
liarities of these anterior segments were such that, 
no matter what the manipulation of the autonomic 
nervous system might be, angle closure would not 
develop. In particular, the shallowing of the anterior 
chamber with age that depends on lens growth is as 
yet insufficient. With the passage of time such a 
decrease will occur and then allow angle closure to 
develop. There is, however, no significant differ- 
ence between the ages of positive and negative 
groups which, if present, would have supported 
the anatomical argument. 

Finally, it could be asserted that there is no 
reason to suppose that these eyes will develop 
closed-angle glaucoma. Consequently, it was de- 
cided not to do prophylactic peripheral iridecto- 
mies nor to treat with miotics. The 36 eyes have 
been followed-up for a period of 1 to 7 years 
(mean follow-up 3 years), and to date, only one has 
developed acute closed-angle glaucoma 3 months 
after provocative tests were done. Throughout the 
period of follow-up each eye has been re-provoked, 
at roughly yearly intervals, with tropicamide and 
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Published series indicate that not all eyes at ie 
risk subsequently develop closed-angle glaucoma— 
for example, Adams (1955) 46 per cent, Kronfeld 
(1956) so per cent, Winter (1955) 32 per cent, . 
Bain (1957) 47 per cent, and Lowe (1962) 49 per. 
cent. It would seem, however, that a follow-up — 
period of 10 years is necessary before the true - 
predictive value of a provocative test scheme can 
be determined. The negative results in the 36 
patients described here indicate only that there is 
not that | Summary 
Altogether r:9 eyes at risk of dev feloping closed- 


no pressing. urgency for iridectomy, 


iridectomy is unnecessary. Indeed, it would be — 
unwise to ignore evidence that routine iridectomy 
in contralateral eyes is—in general—the more . 
prudent of the alternatives (Blaxter and Chatterjee, - 
1960; Douglas and Strachan, 1967). The intention. 
is not to question that evidence, but to delineate a 
group of patients who have a high probability of- 


developing ‘closed-angle glaucoma ^ vet. do not : : gu 
= ai : cUswere given no treatment and have been observed 


for a period of 1 to 7 years (mean 3 years). One has. - oe 


information of great relevance to the management » : ‘dev eloped closed-angle glaucoma. 


develop positive provocative tests. "The prospective. 
study of these patients may eventually provide 


of eves with (gonioscopically) narrow angles. 

E Again, the patients who are tropicamide positive 
d but- phenylephrine/pilocarpine negative form an 
.interesting group, in whom it is reasonable to. 
suppose that too much parasympathetic activity 
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: precludes the develipinent of closed-angle glau- 
coma. Logically, therefore, the use of pilocarpine 
would be an effective prophylactic and an iridec- 





tomy would be unnecessary. ! 
A suggested scheme for provocative testing is 


therefore as follows (Fig. 5): 


I. All eyes at risk are provoked with simul- 
taneous pilocarpine and phenylephrine. If the 
test is positive, a peripheral iridectomy is done... 

2. If aljer 2h the test is negative then addi- 


tional pilocarpine is instilled. If the result is .. 


positive, à peripheral iridectomy is done. 
3. If the result is negative, re-provoke with |. 
tropicamide. If this is negative no treatment is. 
indicated but follow-up is required. If the 
result is positive an iridectomy should beo 
done or pilocarpine prescribed, 


angle glaucoma were provoked with simultaneous 


cpHocarpine and phenylephrine; of these 74 de- 


veloped closed-angle glaucoma. The remaining 45 

eyes were re-provoked with tropicamide and a 

further nine developed closed-angle glaucoma. " 
The 36 eves in which all tests were negative 


A scheme for provoking eyes at risk of develop- | 


me eloped angie glaucoma i is described. 
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The syndrome of closed-angle glaucoma 


R. MAPSTONE 


From the St Paul's Eye Hospital, Liverpool 


Since Barkan (1938) first clearly distinguished 
between open- and closed-angle glaucoma (CAG), 
attention has been directed intermittently to 
precipitating angle closure (AC), by creating an 
experimental situation in which it can be predicted 
with a high degree of probability that a particular 
eye will develop CAG. 
The methods used have mainly depended upon 
manipulating the autonomic nervous system: 
1. Parasympathetic inhibition (dark room tests, 
parasympatholytic drugs) 
. Sympathetic stimulation (phenylephrine) 
3. Parasympathetic stimulation (reading provo- 
cative tests, miotics) 
4. Combined sympathetic and parasympathetic 
stimulation (pilocarpine and phenylephrine). 
Such a varied group of precipitating events does 
not bespeak a unitary disease. The purpose of 
this paper is to define the main clinical syndromes, 
and explain apparent inconsistencies. 


Material and methods 


A method. for provoking eyes which are at risk of 
developing CAG by using pilocarpine and phenyl- 
ephrine simultaneously has been described previously 
(Mapstone, 1974c). Altogether 20 eyes of 20 patients 
who each reacted positively to pilocarpine and phenyl- 
ephrine, were re-provoked with o's per cent tropicamide. 
Drops were instilled three times initially at 1 min intervals, 
an anterior segment photograph taken, and the intra- 
ocular pressure (IOP) was measured. Thereafter, at 
approximately half-hourly intervals, the IOP was 
measured and a photograph of the anterior segment 
was taken. As soon as the IOP had risen significantly 
. (more than 8 mmHg) with gonioscopic evidence of 
partial or complete AC, 


not risen significantly, pilocarpine a per cent was in- 


HR stilled at half-hourly intervals. Subsequently, slides were 


projected and P/C* ratios calculated. ; 
Another 41 eyes from 41 patients were provoked 
with pilocarpine and phenylephrine because the contra- 


ER lateral eye had had either an acute attack of CAG or a 
^". positive provocative test with pilocarpine and phenyl- 


. ephrine. These eyes form part of a larger series, details 


ui of which will be published separately; their inclusion 


*PandC = pupi illary and corneal diameter in the hori zontal meridian 


E: = .' Address for Reprise; R. Mapstone, St Paul's Eye ie Homers Liverpool 
qu LAP 00s i | 


mE intravenous acetazolamide. 
a _(Diamox) 500 mg, ihymoxamine o's per cent, and pilo- 
s earpine 2 per cent were given. If, after 2 h the TOP had 


in this paper depends upon the fact. T the results of 
the provocative tests using pilocarpine And phenyl- 
ephrine were negative. The 41 eyes were re-provoked : 
with tropicamide o-5 per cent using the methods 
described above, ; 


Results 


Of the 20 eyes which had a positive result when 
provoked with pilocarpine and phenylephrine 
simultaneously (P and P), eight developed CAG on 
re-provocation with tropicamide (T); 12 had 
negative results. For the purposes of this paper the 
significant measurement is the P/C ratio at which 
AC occurred or, if the result of the provocative 
test was negative, the maximum P/C ratio that was 
attained. This gives four P/C ratios: 

i. The P/C ratio in P and P positive eyes at the 
time of AC; these eyes subsequently had a 
positive result with T (eight eyes, Table I) 

2. The P/C ratio in P and P positive eyes at the 
time of AC; these eyes subsequently had a 
negative result with T (12 eyes, Table I) 

3. The P/C ratio in P and P positive eyes which 
subsequently. had a positive. result with T— 
that is, the P/C ratio at which AC occurred 
with T' (eight eyes, ''able ID 

4. The P/C ratio in P and P positive eyes which 
subsequently had a negative test with T— 
that is, the maximum P/C ratio attained on 
provocation with T (12 eyes, Table IT). 

Of the 41 eyes at risk of developing AC which 
had a negative provocative result with P and P, 
nine subsequently developed AC on re-provocation 
with T; 32 results were negative. This again gives 
four P/C ratios: 

1i. Fhe maximum P/C ratio isum provocative 
testing with P and P in eyes which subse- 
quently developed a positive: result with T 

. (nine eyes, Table I) 

2. The maximum P/C ratio during provocative 
testing with P and P in eyes which subse- 
quently developed a negative result with T 
(32 eyes, Table I) 

3. The P/C ratio in T positive eyes at the time 
of AC which had previously had a negative 
result with P and P (nine eyes, Table II) 

4. The maximum P/C ratio in T negative eyes 
which had previously had a. negative result 
with P and P (32 eyes, Table ID. 
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Table I P/C ratios on pilocarpine and 
phenylephrine testing 





Pilocarpine and phenylephrine 








Tropicamide — 
( subsequent ) Positive Negative 
Positive 0°39 (8) 0:38 (9) 
Negative 0:38 (12) 0°37 (32) 





Table II  P/C ratios on tropicamide testing 





Pilocarpine and Tropicamide 

phenylephrine ————————— 

( previous) Positive Negative 
Positive 0:49 (8) O'51 (12) 
Negative 0:54 (9) 049 (32) 





cant difference 1n the augmentation of sympathetic 
and parasympathetic activity. Similarly, para- 
sympathetic activity of the separate groups is 
equally inhibited (Table II). There is, however, a 
highly significant difference between Tables I 
and II, largely because of the variations in para- 
sympathetic activity—that is, angle closure occurs 
when the pupil diameter is significantly larger 
with tropicamide than with pilocarpine and phenyl- 


ephrine. Four types of anterior segment therefore: 


exist in eyes at risk of developing CAG: 

1. Provocation with simultaneous P and P or T 

are both positive 

2. P and P is positive but T' negative 

3. P and P is negative but T positive 

4. Both P and P and T are negative. (This 

group will not be discussed in this paper.) 

In a previous paper (Mapstone, 1974c) it was 
shown that sympathetic activity was not necessary 
for angle closure to occur, but that it might actively 
pull a sphincter to mid-dilatation and allow the 
results of parasympathetic activity to close the 
angle. It was also shown that, in the absence of 
parasympathetic activity, closed-angle glaucoma 
did not occur. The results show that angle closure 
occurs with both parasympathetic inhibition (tropi- 
camide) and excitation (pilocarpine). It is therefore 
a necessary consequence that closed-angle glaucoma 
can result from the operation of more than one 
mechanism. How then can the experimental obser- 
. vations be related to the clinical situations in which 
it is known that closed-angle glaucoma can occur? 

The problem essentially resolves itself into an 
explanation of how iris can become apposed to 
cornea. Theoretically and experimentally this can 
happen in two ways (Mapstone, 1974a, b, c), 
either a ‘push’ from behind, or a ‘pull’ from in 


front of the iris plane. Considering each mechanism 
separately: 


1. A ‘push’ from behind 


A plot of sphincter pupil block force against pupil 
size has the form shown in Fig. 5, and it can be 
seen that with a mid-dilated pupil—Aozwever 
obtained—pupil block force is at a maximum and 
iris stroma relaxed. Given a suitably predisposed 
anterior segment, some eyes will proceed inexorably 
to an acute attack if the pupil is placed in this 
position because of the increase in pressure in the 
posterior chamber. This mechanism depends upon 
pupil block alone, and it is unneccessary to invoke 
adjuvant parasympathetic or uveo-scleral effects. 


2. A ‘pull’ from in front 


This mechanism requires pupil block generated by 
a pupil in miosis or mid-dilatation, and a parasym- 
pathetically (ciliary body) induced increase in 
trabecular meshwork outflow. As a result a pres- 
sure deficit is produced between the anterior and 
posterior chambers, ‘pulling’ the iris on to the 
cornea (Mapstone, 1974c). Theoretically, uveo- 
scleral mechanisms may also be involved. 

In any one eye these two mechanisms may act 
separately or in combination, and can result in 
three main types of primary closed-angle glaucoma 
—namelvy: 


A. ‘PUSH’ CAG 

Eyes exist in which the result of provocation 
with simultaneous pilocarpine and phenylephrine 
is negative, but that with a parasympatholytic such 
as tropicamide is positive. The main difference 
between the two is that angle closure occurs with 
tropicamide at a pupil diameter significantly larger 
than with pilocarpine and phenylephrine—that is, 
the iris—in the presence of too much parasympa- 
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FIG. § Plot of sphincter pupil blocking force ( pbf) 
against pupillary diameter during normal pupillary 
play of light reflex. It can be seen that pbf is at a 
maximum in mid-dilatation and at a minimum when 
the pupil 1s small or widely dilated 





thetic activity—is too taut to become sufficient 


the pupil dilates enough for pupil block alone 1 
. close the angle. Too much parasympathetic acti 


-precludes AC and either sympathetic or parasym a 





e activity is necessary. 
There are two conditions | in which ‘Push’ C 
can occur: 
E Passive pupillary dilatation 
minimum and the experimental model is : 
positive dark room test or cycloplegic tes 


Experimentally 10. per cent of positiv ES 
“o provocative results’ are in this category 
(Mapstone, 1976). - 


possibility. 


Bi; PULL? CAG 


There are eyes in which the result of provocation. 

is positive with simultaneous  pilocarpine. and 
phenylephrine. but consistently negative with. 
"Ctropicamide——that is, too little parasympathetic ^ 
activity in the presence of pupil block is insuffi- - 
cient to produce CAG, Additional. trabecular | 
„meshwork outflow is necessary to pull the iris on — 
to the cornea, the two mechanisms acting syners — 


gistically. 


Clinically there is a sharply demarcated group of ; 


-patients in. whom the history is characteristic, 
episodes of intermittent CAG being precipitated by 
parasympathetic anterior segment - activity—for 
example, reading, knitting, and writing. The experi- 
mental model is a positive provocative reading test 
(Higgitt and Smith, 1955), and CAG precipitated 
by parasympathomimetic drugs (for. example, phos- 
pholine iodide—Jones and Watson, 1967). At the 
termination of a reading provocative test ‘the angle 
is open and the pupil mobile. It must be. assumed, 
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. give such a history and it may be relevant that 
. most intermittent and acute CAG episodes occur 


glaucom TE 
(PPDG). Here parasympathetic activity is at a | 


-. (di) Mechanism (1) is necessary and sufficient Ps 


: d should like to thank: E TEN for referring patients, | 


E for preparing diagrams. 
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^5. therefore, that during miosis sufficient of the angle 


bombé to produce AC. With tropicamide, however, ^ is closed—temporally or spatially—for an outflow 


deficit to occur. 
However, most patients in this category do not 


in the evening, after meals and at periods of 
quietude rather than bustle, that is, in parasympa- 
thetic man. 





C. 'PUSH-PULL' CAG 


. Finally, eyes exist in which provocation with simul- 


taneous pilocarpine and phenylephrine or with 


3 a > tropicamide both produce positive results—that is, 
2, Active pupillary dilatation glaucoma (APDG). PT 

The experimental model is a positive provoca- 
tive result using a sympathomimetic—for 
example, phenylephrine, with a mechanism 
similar to PPDG. "The clinical counterpart | 
is an acute attack precipitated by ‘emotion’, — 
and there are many reports in the literature. 
suggesting that this can happen. Such a. 
proposition is difficult to substantiate, and | 
for the moment must remain an interesting - 


either pupil block alone or in combination with 
trabecular meshwork outflow—-will produce AC. 
Approximately 40 per cent of eyes are in this 
category. An example is shown in Fig. 1. 


The consequences of the above findings for 


-provocative testing and management of the con- 


tralateral eye are described in subsequent papers. 


` Summary 


` Closed-angle glaucoma is the result of two mechan- 
isms acting either separately or in combination: 


1. Pupil block creates a greater pressure in the 
posterior than in the anterior chamber, 
pushing the iris on to the cornea. | : 

2. Increased trabecular meshwork outflow in the 
presence of pupil block creates. a lower 
pressure in the anterior chamber than in the 
posterior, pulling the iris on to the cornea. 

Three main groups of eyes manifest closed-angle - 

glaucoma: ES 

(i) Mechanism @ is necessary and sufficient, < 

but (2) precludes the development of angle XI 

closure. p 

(it) Mechanism (1) is necessary but insufficient. is 
Mechanism (2) must also be present. 









but (1) and. (2) may combine to produce an 2 
acute attack. eem 
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Intraocular surgery in advanced glaucoma 


E. J. OCONNELL anp A. G. KARSERAS 


From the Department of Ophthalmology, University Hospital of Wales, Heath Park, Cardiff 


It has been found that 40 per cent of glaucomatous 
patients registered blind or partially sighted, are 
registrable when they first present for ophthalmic 
supervision. In addition, lens opacity contributes 
significantly to visual disability in registered 
glaucomatous patients (Miller and Karseras, 1974). 
Drainage procedures, and/or lens extraction, may 
therefore have to be considered in eyes in which 
visual reserves are grossly reduced from glaucoma- 
tous field loss. 

There is an established view that intraocular 
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Table I Quadrantic nasal field loss + arcuate scotoma 


surgery may result in obliteration of the central 
visual field subserving macular function when this 
is threatened by preoperative glaucomatous field 
loss. Lichter and Ravin (1974) have summarized 
the historical development of this view. 

The present study attempts to define the inci- 
dence of postoperative loss of central vision, 
consequent upon modern drainage procedures and/ 
Or cataract extractions. 


Material and method 


A review of the case histories of glaucomatous patients 
who have had drainage procedures or cataract extraction 
was undertaken. Those patients whose preoperative 





Preoperative status 





intet tn 











intraocular 
Patient Visual pressure Visual field 
acuity — (mmkHg) 
1 6/9 30 Upper nasal quadrantanopia am 
Lower arcuate defect 
2 6/9 32 Lower nasal quadrantanopia - 
3 6/18 34 Upper nasal quadrantanopia 4s 
Lower arcuate defect 
4 6/6 28 Upper nasal quadrantanopia -r 
5 6/6 so Lower nasal quadrantanopia ~ 
6 6/6 28 Upper nasal quadrantanopia - 
^ 6/6 30 Upper nasal quadrantanopia 
8 6/18 40 Lower nasal quadrantanopia of 
9 6/9 40 Lower nasal quadrantanopia — 
ro 6/9 28 Upper and lower quadran- * 
tanopia (nasal hemianopia) 
II 6/9 bo Upper nasal quadrantanopia ~ 
12 6/9 30 Upper and lower quadran- ~ 
tanopia (nasal hemianopia) 
13 6/6 38 Upper nasal quadrantanopia ~ 
14 6/24 40 Upper hemianopic defect ~ 
(nasal and temporal) 
15 6/9 48 Upper and lower quadran- ~ 
tanopia (nasal hemianopia) 
16 6/6 22 Upper nasal quadrantanopia ~ 
17 6/9 28 Upper nasal quadrantanopia - 
18 6/12 42 Upper nasal quadrantanopia ~ 
19 6/18 3 Upper nasal quadrantanopia 4d 
20 6/60 40 Upper and lower quadran- + 4 
tanopia (nasal hemianopia) 
aT 5/6 22 Upper nasal quadrantanopia - 
with lower arcuate 
22 6/36 30 Upper nasal quadrantanopia + d 


Lens 
opacity 


Rd 


Postoperative status (after 6 months) 


ERE d d 








Corrected Intraocular 
Operation visual pressure Macular Lens 
acutty (mmHg) function 

Iridencleisis 6/9 22 No change - 
Scheie Counting 35 No change ES 

fingers (see 

corrected comment) 

to 6/g (see 

comment) 
Trabeculectomy 6/18 10 No change zz 
Scheie 6/6 15 No change - 
Trabeculectomy 6/6 15 No change = 
Trabeculectomy 6/6 18 No change -— 
Trabeculectomy 6/6 21 No change - 
Trabeculectomy 6/18 29 No change we 
"Trabeculectomy 6/9 13 No change - 
Trabeculectomy 6/9 14 No change EI 
Scheie 6/9 8 No change - 
Trabeculectomy 6/9 14 No change ~ 
Trabeculectomy 6/6 14 No change ~ 
Trabeculectomy 6/36 14 No change - 
Iridencleisis 6/9 14 No change - 
Iridencleisis 6/6 15 No change = 
Trabeculectomy 6/9 14 No change ~e 
Trabeculectomy 6/12 20 No change - 
Trabeculectomy 6/18 9 No change Ho 
Trabeculectomy «6/60 16 No apparent + =~ 

change 

Trabeculectomy 6/6 15 No change - 
Trabeculectomy 6/36 20 No change = 


opacity 





€ 
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field loss encroached on central fixation were selected 
for this study. ‘They were divided into two groups: 

I. 24 eyes with a residual central island, with or 

without a temporal island of vision 

2. 22 eyes in which an arcuate scotoma not only 

approached to within 5° of central fixation but 
had extended to the peripheral field to cause a 
nasal quadrantic defect. 

An additional arcuate scotoma was occasionally 
present. Five patients from Group 1 and three from 
Group 2 subsequently had cataract extractions. Five 
eyes in three patients who presented with coincidental 
cataract and late glaucoma also underwent cataract 
extraction. An analysis of the results of these 13 cataract 
extractions was undertaken. 

Preoperative and postoperative data recorded in both 
groups included visual acuity, intraocular pressure, 
Goldmann perimetry, an assessment of lens opacity, 
and the drainage procedure undertaken. 

Postoperative data from both groups were recorded 
6 months from the day of surgery. Loss of fixation 
after such an interval was not considered attributable 
to the drainage procedure. The present status of each 
patient was ascertained and any change of status after 
6 months was recorded. 

The postoperative status of the cataract group (Table 
III) was assessed 2 months after extraction when the 
eyes were free from postoperative inflammation. Loss of 
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6/12 

1 

2 5/12 
2 3/12 
1 9/12 
2 
6/12 


2 4/12 
1 10/12 


1 10/12 
I 3/12 


2 7/12 


3t 
1 2/12 
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1 
1 2/12 
ri/1a2 


6/12 


Visual acuity Comments 


(operated evef) 


€——— RII 


Counting fingers 6/9* 


——— (€— — RR ES 


Left cataract extraction at 15/12 


6/12* 6/6 Postoperative loss wrongly attributed 

to loss of visual field 
Right cataract extraction at 1 yr 

(vitreous loss) 

6/18* 6/18 Bilateral lens opacities 

6/6* 6/6 Patient died at 6/12 

6/6* 6/6 oe 

6/6* 6/6 — 

6/6 6/6* — 

6/9 6/24* Slight increase in cataract 

6/5 6/24* Development of cataract 

6/436 6/9* Left corrected lenticular myopia 

6/9* 6/9 on 

6/12 6/9* — 

6/6 6/6* — 

6/36* 6/4 Atypical field loss and visual acuity 
preoperatively 

6/9* 6/9 nee 


Hand movements 6/18* Lens opacity developing 

6/9* Counting fingers — 

6/12* 6/6 Branch vein occlusion (right) 

6/12 6/36* Increasing cataract _ 

Hand movements* Macular function could not be 

No perception of light assessed as patient refused lens 
extraction 

6/6 6/6* v 


6/12 6/60* Preoperative lens opacity increasing 
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fixation directly attributable to the operation was 
therefore recorded but possible medium or long-term 
postoperative maculopathy was not excluded in some 
instances (Table 111). The visual acuity of each patient 
at the final review was recorded. 

Preoperative field analysis in the cataract extraction 
group (Table III) Patients 1 to 8, was carried out 
several months, and in some instances years, before 
extraction, when the visual acuity and amount of lens 
opacity allowed accurate Goldmann perimetry. Patients 
9-13, because of gross cataract and glaucoma at presen- 
tation, did not have perimetry. Visual fields were 
assessed by confrontation to hand movement and 
perception of light. 

The difficulty in assessing macular function in the 
presence of cataract and a glaucomatous nasal quad- 
rantic or hemianopic field defect is discussed later. 


Results 


Table I shows that drainage operations on eyes 
with quadrantic field loss did not lead to any 
further loss of visual field involving macular 
fixation. 

In Patient 2 the visual acuity fell from 6/9 to 
counting fingers immediately postoperatively. This 
was found to be due to lenticular myopia which, 
when corrected, restored the visual acuity to its 
preoperative level. Nuclear sclerosis developed after 
6 months, but cataract extraction at 1 yr, although 
complicated by vitreous loss, restored the visual 
acuity to 6/9 (Table III, Patient 7). 

The only instance in which the preoperative 
visual acuity of 6/18-6/24 could not be explained 
by any condition other than glaucomatous field 
loss was that of Patient 14. The sequence of field 
loss in this patient was also unusual, in that tem- 
poral field loss, giving an altitudinal hemianopia, 
succeeded a nasal quadrantanopia instead of the 
more usual development of a nasal hemianopia. 

Table II illustrates that drainage operations on 
eyes with central islands of vision did not cause an 
obliteration of macular function from extension of 
visual field loss. There is a higher morbidity affecting 
visual acuity than in the quadrantic field loss group, 
and losses in visual acuity therefore occurred in 
nine out of 24 eyes immediately postoperatively. 
In Patients 5, 12, and 22 the cause was first attri- 
buted to loss of central field, but later to the 
presence of a correctable lenticular myopia. When 
cataract became apparent, subsequent extraction 
restored the visual acuity to the pre-drainage level 
(Table III: Patients 4, 2, and 5). 

Patient 15 was considered to belong to this 
group but refused operation. It was first thought 
that Patient 17 had lost central fixation, but the 
study revealed a divergent squint with a facultative 
suppression of the preoperative vision. Three 
weeks' postoperative occlusion (for shallow an- 
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Table II Residual central island + temporal island 


Preoperative status Postoperative status (after 6 months) 








Primm ribeye AAR RA YF 








intraocular Intraocular | 
Patient — Visual pressure Visual field Lens Operation Visual pressure Macular Lens. 
acuity (mmHsgj opacity acuity ( mmHg) function opacity 
i 618 44 Central island + Trabeculectomy 618 18 No change d 
2 6/36 32 Central island ker Trabeculectomy 6/36 9 No change tc 
3 6 6 42 Central island and - Scheie 6 6 50 No change = 
temporal island | 
4 6 12 44 Central island - Scheie 6/18 18 No change 4 
5 60 29 Central island - Scheie Counting 25 No change - 
fingers (see comment) 
6 6.6 bo Central island and - 1. Stallard Counting 20 Lost central island =- 
temporal island 2. Scheie fingers 
7 6,18 42 Central island and Iridencleisis 5.18 9 No change 
temporal island 
8 6/12 48 Central island - Indencleisis z66o 8 Gross reduction in - 
macular function 
9 612 39 Central island H Scheie 6.60 iR Gross reduction in } 
macular function 
IO 6/6 70 Central island - Iridencleisis 6.6 13 No change = 
11 6/24 24 Central island 'Trabeculectomy 6/24 [7 No change + 
12 6:6 Central island - Scheie 6:24 17 No change d 
(see comment) 
13 6/18 28 Central island 4 'Trabeculectomy 6/24 18 No change + t 
14 6/9 44 Central island - Iridencleisis fig 18 No change x: 
1$ 6/9 42 Central island and — Stallard 6:18 18 No change + 
temporal island 
16 hi9 50 Central island and - Scheie Hand 18 Reduction of macular E 
temporal island movements function 
17 6/9 44 Central island - Scheie 6.6 20 No change i 
18 6/24 62 Central island and he 'Trabeculectomy 6/24 15 No change 
temporal island 
19 6/18 24 Central island 4 Trabeculectomv 6:18 14 No change 
20 6/9 28 Central island - Trabeculectomy 6/9 14 No change ~ 
21 6/6 46 Central island ~ 'Trabeculectomy 6:6 18 No change E 
22 6/9 34 Central island - Scheie 6/60 21 See comment 
21 6/6 44 Central island and -— Trabeculectomy 6/6 26 No change = 
temporal island 
24 6/9 40 Central island and ~ Iridencleisis 6/12 23 No change + 


temporal island 





terior chamber), a lack of binocular field available 
for fusion, and a possible pre-existent exophoria 
may have contributed to this status. 

In three instances there was an irreversible loss 
of visual acuity — due to a postoperative maculopathy 
(Patient 16), exacerbation of a preoperative maculo- 
pathy (Patient 8), and a maculopathy which de- 
veloped coincidentally with a cataract postopera- 
tively, or subsequent to an eventual cataract extrac- 
tion (Patient 9, Table II; Patient 1, Table ITI). 

After two unsuccessful drainage procedures 
with very raised intraocular pressures Patient 6 
lost central fixation, and it is not certain whether the 
surgery or the uncontrolled pressure was the cause. 

Patient 7 lost central vision 2 years after the 
drainage procedure. 

Table III shows that cataract extraction did not 


lead to worsening of central vision. Three patients 
out of the 13 did not obtain an improved visual 
acuity. In Patients 1 and 9 this was due to maculo- 
pathy and in Patient 12 to absence of macular 
function. Maculopathy also restricted visual im- 
provement to 6/18 in Patient 8. 

Of the five eyes (1 to 5) with an isolated central 
visual field, four (2 to 5) survived a drainage pro- 
cedure and a cataract extraction allowing visual 
acuities of 6/9. In Patient 1 a coincidental maculo- 
pathy restricted vision to the preoperative level of 
perception of light. 

The three (Patients 6-8) with charted pre- 
extraction quadrantic defects did not lose central 
fixation after a cataract extraction or a preceding 
drainage operation. 

The five eyes (9 to 13) belonged to three patients 
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Final review 


Time 
(yr) 





1 
I 3/12 


34 
Died at 


8/12 
io 


3412 


4 3/12 


13/12 


23/12 


25/12 


Aem rmm 


Visual acuity 
(operated eve* ) 
6/9 6/18* 

6/12* 6/36 (lens opacity 
and quadrantic loss 
of visual field) 

6/6* 6/5 


6/18* 6/9 


Hand movements* 6/9 


Hand movements* 6/5 


Counting fingets 
counting fingers* 

Perception of light* 
6/36 

6/6* 6/9 

6/18 6j60* 

6/9* counting fingers 


6/60* 6/36 
6.6 6/9* 
6/36* hand movements 


6/356 hand movements* 
6;9* 6/9 

6/9 counting fingers* 
6/18* 6/60 

6/12 6/g* 

6/12* 6/9 

6/g* 6/12 (aphakic) 
6/6* 6/9 


Counting fingers* 
6/6 (aphakic) 


Comments 


—€———— Ae iriure Hr mere rm ta aa à Wa rer A PAL 


— 


Cataract extraction at 1 yr 

Prefers to function with aphakic 
central island 

Stallard procedure 3/12 before 
Scheie 

Preoperative maculopathy 


Cataract extraction at 1 yr 

Bilateral aphakia, loss of fixation 
originally diagnosed 

5 wk between the 2 operations with 
intraocular pressure 5o mmHg 

Flat anterior chamber and choroidal 
detachment after Scheie 

Central vision loss at 2 yr 

Gradual deterioration 

Progressive maculopathy in both eyes 

Pathological myopia 

Cataract extraction at 2} yr showed 
gross maculopathy 

Increase in cataract 

Cataract extraction at 1 yr 

Patient functioning with aphakic central 
island 

Bilateral lens opacities 


——^ 


Increasing lens opacities 
Postoperative exudative maculopathy 


Divergent squint with suppression 
Difficulty in locating test type 
Progressive lens opacities 


—— 
—— 


Cataract extraction at 1 2/12 yr 


Progressive cataract both eyes 
Cataract extraction at 3 yr 


who presented with both advanced glaucoma and 
cataracts. Intraocular pressures were controlled 
medically before extraction in three eyes (Patients 
9, 10, and r1) and by peripheral iridectomy and 
medical treatment in two (Patients 12, 13). 

Considerable improvement in visual acuity 
resulted in eyes 10, 11, and 13. The postoperative 
development of maculopathy in Patient 9 allowed 
only the preoperative vision of 6/60. 

Patient 12 was the only example in the present 
series in which macular function was lost before 
the development of a nasal hemianopia. This 
patient had chronic angle-closure glaucoma with 
intraocular pressures of 60 mmHg at presentation. 
Central fixation was absent postoperatively. In 
Patients 8 to 12 macular function could not be 
demonstrated preoperatively. 
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DRAINAGE OPERATIONS AND CATARACT FORMATION 
IN ADVANCED GLAUCOMA 


Within 6 months, in the ‘central island’ group of 
24 patients, postoperative lens opacities signifi- 
cantly reduced vision in five patients (Table II, 
Patients 5, 9, 12, 15, and 22). After the period of 
final review cataracts had progressed in a further 
five patients (Patients 2, 11, 13, 18, and 24). Pre- 
operative lens opacities were present in four of 
those 10 patients (Patients 2, 11, 13, and 18). In 
the four Scheie operations the cataracts developed 
within 6 months and were not associated with 
preoperative lens opacities. In the four trabeculec- 
tomies there were preoperative lens opacities and 
these progressed significantly after the 6-month 
interval. 

Within 6 months, in the ‘quadrantic loss’ group 
of 22 patients, postoperative lens opacities signifi- 
cantly reduced vision in one patient (Table I, 
Patient 2) and this was corrected to 6/9. After the 
period of final review cataracts had progressed in a 
further eight eyes (Patients 1, 8, 9, 10, 16, 19, 20, 
and 22). Preoperative lens opacities were present 
in five of these eyes. 

Consideration of both groups (Tables I and II) 
shows that 10 out of 25 trabeculectomies resulted 
in the progression of lens opacities, but that pre- 
operative opacities were present in nine of these. 

Five out of 12 Scheie operations were associated 
with progressive postoperative cataract and pre- 
operative lens opacity was present in one instance. 
Inequality of follow-up does not allow valid com- 
parison between the Scheie and trabeculectomy 
procedures, but at the 6-month level, trabeculec- 
tomy would appear to induce less deterioration of 
visual acuity of lenticular origin. 


Discussion 


Lichter and Ravin (1974) correctly stated that 
many of the opinions regarding loss of central 
vision in late glaucoma after intraocular surgery 
are the result of clinical impression rather than 
of the study of a series of patients. It 1s of interest 
to analyse the relatively few series which have led 
to a reluctance to undertake intraocular surgery in 
advanced glaucoma. 

Bloomfield and Kellerman (1949) compared the 
results of surgery in 19 patients with those of 
medical treatment in 22 patients. All had residual 
central islands and after an average follow-up 
period of 2 years and 4 months it was found that 
vision was better maintained in the unoperated 
group. The cause of reduction in visual acuity was 
not determined so that reversibility of the condition 
was not excluded. 

The present study showed that postoperative 
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Table III Cataract extraction group 
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Preoperative status 


mrt Arteta Parm 
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Intraocular Intraocular | 
Patient Corrected visual pressure Visual field Corrected visual pressure Macular function 
acuity (mmHg) aculty (mmHg) 
P Perception of light 8 Central island with temporal island Perception of hght 18 See comment 
2 6/36 17 Central island 6/9 16 Maintained 
3 Hand movements 5 Central island 6/9 16 Maintained 
4 Counting fingers 25 Central island 6/9 18 Maintained 
5 Counting fingers 2t Central island 6/9 15 Maintained 
6 6/36 22 Upper nasal quadrantanopic loss 6/6 24 Maintained 
with lower arcuate defect 
7 Counting fingers 30 Lower nasal quadrantanopic defect 6/9 8 Maintained 
8 6/60 18 Upper nasal quadrantanopic defect 6/18 2I Partially maintained 
9 6/60 17 Lower nasal quadrantic defect 6/60 16 See comment 
10 Hand movements 20 Upper and lower quadrantic defects 6/12 20 Maintained 
(nasal hemianopia) mE 
tr Counting fingers 24 Nasal hemianopia 6/12 20 Maintained 
12 Counting fingers 2I Upper nasal quadrantic defect Counting fingers 20 Absent (? lost from 
extraction) 
13 6/60 42 Upper nasal quadrantic defect 6/9 15 Maintained 


refractive error and cataract formation accounted 
for the loss of visual acuity postoperatively in 
four out of 1o patients (Table II). Only five out of 
the total of the 24 central island group had signifi- 
cant irreversible reduction of vision, up to the time 
of the final review (Table II, Patients 6 to 9, 16). 
The trephine operations and the acknowledged 
inexperience of some surgeons would have in- 
creased the reversible postoperative loss of acuity 
in Bloomfield and Kellerman's series. T'he amount 
of irreversible macular loss in uncontrolled medi- 
cally-treated patients would also increase with a 
follow-up longer than the 2 years averaged. 
Nemetz and Papapanos (1959) found that visual 
acuity was the most significant factor influencing 
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Postoperative status (2 months) 














the results of surgery. Thus only 6 per cent of 
212 eyes with a preoperative vision of more than 
6/60 ‘turned blind’ after operation and 64 eyes 
with a preoperative vision of 6/60 or less had an 
incidence of 64 per cent blindness. All patients 
had a ‘contraction of the visual field as low as 5° 
in one quadrant’. | 

Glaucomatous field loss does not significantly 
reduce the visual acuity unless it extends to inside 
the 5? isoptre (see below). In the series of Nemetz 
and Papapanos it is likely that macular fixation 
was involved preoperatively in most of the 64 
eyes or that there was a non-glaucomatous cause 
for the preoperative vision of 6/60 or less. These 
eyes therefore cannot be said to have lost central 
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"Final review 


Time 


Cyr ) 


6/12 


1 2/12 


7/12 


9/12 


wi o2 


———————— PRI 


vata m i eA Mehr Here rom ri aer d rina rre ps I P A He idee rni a 


Visual acutty Comments 


(operated eye* ) 





6/6 Perception of light* 
(aphakic) 





Large white scar at macula observed 
postextraction 

Drainage procedure 21 yr before 
extraction 

Drainage procedure 1 yr before 
extraction 

Functioning well with aphakic central 
island 

Drainage procedure 14 yr before 
extraction 

Patient prefers to function with 
aphakic central island 

Drainage procedure 1 yr before 
extraction 

Bilateral aphakia 

Drainage procedure 1 2/12 yr before 
extraction 

Difficulty in locating test chart but 
eye is unused, being held in reserve 

Drainage procedure 1 3/12 yr before 
extraction 

Functioning well with aphakic eye 

Drainage procedure 1 yr before 
extraction 

Operated eye held in reserve 

Vitreous loss 

Maculopathy evident postoperatively 

Patient died at 9/12 

Progressive maculopathy reduced 
visual acuity of 6/24 to 6/60 

Cyclodialysis 3/12 postoperatively 

Bilateral aphakia. 

Slight membrane over pupil 

Visual acuity transiently 6/12 

Macula function not thought to be 
present preoperatively but patient 
insisted on extraction in view of 
result of first operation (Patient 10) 

Normal visual functioning 

Iridectomy before extraction (sub= 
acute angle closure) 

Macular function could not be 
demonstrated in early stages of 
cataract 

ÍIridectomy 1 yr before extraction 
(subacute angle closure) 

Visual functioning much improved 


6/9 counting fingers 


6/12* 6/36 (phakic) 


6/18* 6/9 


6/9* 6/12 (phakic) 


6/9* counting fingers 


6/12* 6/6 (phakic) 


6/18* counting fingers 
6/18 6/60* 
6/12* 6/24 


6/12 6/24* 


6/12~6/18 counting 


fingers* 


6/12-6/18* counting 
fingers 








fixation as it is unlikely to have been present 
preoperatively. 

Fanta and Herold (1966) undertook static peri- 
metry before and after operation on 10 eyes in 
which the macular fixation was approximated by 
glaucomatous field loss. They demonstrated a fall 
in the profile of sensitivity to static perimetry and 
a reduction of the functioning field in all instances. 
However, fixation was maintained in eight of their 
cases. Of the two who lost fixation, one was a high 
myope (Case 10). In the other (Case 8), the inferior 
scotoma, almost splitting fixation preoperatively, 
was questionably glaucomatous as it was atypical 
in shape and crossed the horizontal meridian 
nasally. Fanta and Herold suggested that operation 
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was justified only if the limits of the visual field 
did not encroach more than 5° from fixation and 
that loss of fixation was probable if the encroach- 
ment was 3° or less. 

This supposition is not borne out by the recent 
results of Lichter and Ravin (1974) or those of the 
present series. We found that the patients’ response 
to perimetry inside the 5° isoptre is usually incon- 
stant and that the actual visual acuity is the best 
method of determining macular involvement in 
glaucomatous field loss in these circumstances, We 
found that acuity fluctuated at different examina- 
tions, usually between 6/9 and 6/18 and, exception- 
ally, 6/24 (Patient 14, Table II). 

Careful refraction and time for the patients' 
concentration and orientation of visual direction 
were the most important factors in eliciting the 
maximum visual acuity. When fixation is involved 
the acuity is invariably less than 6/60 and when 
the condition is due to glaucomatous field loss 
the decline to this level is dramatic unless other 
factors such as cataract have already lowered 
the acuity to between 6/24 and 6/60. 

Lichter and Ravin (1974) attempted to classify 
late glaucoma in terms of visual acuity and field 
loss. They did not give a full description of the 
visual fields but in 23 eyes in which visual field 
loss ‘involved fixation’ (as shown by a reduced 
visual acuity), and in nine eyes in which field loss 
extended to within 5° of fixation, drainage pro- 
cedures did not influence macular function. Loss 
of acuity was attributed to cataract and this caused 
a similar loss of acuity postoperatively in glauco- 
matous eyes in which fixation was not threatened. 

'The present investigation has also revealed that 
postoperative cataracts reduce the visual acuity. 
They occurred earlier, and with a greater effect on 
vision, in the central island group than in the nasal 
field defect group. This may mean that the more 
severe the glaucomatous damage, the more vul- 
nerable are the eyes to postdrainage cataract forma- 
tion. Alternatively, the 'tunnel vision of these 
eyes may be more vulnerable to minor lens opaci- 
ties. The number of trabeculectomies carried out 
was also much lower in the central island group, 
and this operation appears to be much less likely 
to cause postoperative lens opacity, at the 6-months 
level of follow-up. 

Lichter and Ravin's series was remarkable be- 
cause of the absence of any postoperative maculo- 
pathy. In the central island group (Table H) in 
the present series maculopathy reduced vision 
postoperatively in three out of 24 eyes (12:5 
per cent). Postoperatively maculopathy was not 
seen in the nasal field defect group. It appears 
from this series that the central island group is 
more vulnerable not only to postoperative cataract 
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formation, but also to postoperative maculopathy. 
Of a total of 46 drainage procedures (Tables I and 
ID, however, maculopathy developed in three 
eyes (7 per cent). 

Lawrence (1969) found a similar postoperative 
morbidity regarding cataract and maculopathy. 
In 19 eyes with residual central islands, central 
fixation was not lost but visual acuity was reduced 
as a result of cataract in six eyes and maculopathy 
in one. In 24 eyes with ‘quadrantic’ field loss, 
central fixation was maintained but vision was 
reduced by cataract in seven eyes and by macular 
degeneration in eight. All were eyes which had 
been trephined and this operation would appear to 
cause a greater postoperative morbidity. 

Kronfeld and McGarry (1948) found that, in 18 
eyes with field defects extending to within 5° of 
fixation (mainly central islands), 95 per cent re- 
tained fixation for 5 years postoperatively. Imme- 
diate postoperative loss of fixation was not recorded. 
Twelve eyes with similar field defects, uncontrolled 
medically, were not operated upon and nine (75 
per cent) retained fixation during 5 years. Although 
their study supports the view that surgery does 
not significantly affect fixation, it does call into 
question the wisdom of surgery in elderly patients 
with advanced glaucoma in whom pressures are not 
greatly raised or have been reduced significantly 
by medical therapy. 

The present series has shown that the risk of 
reoperation for cataract in the ‘quadrantic loss’ and 
the central island groups is in the order of 30 
per cent within the periods of final review. The 
risk of a maculopathy for the residual central island 
group is in the region of 12°5 per cent within 6 
months (Tables I and II). 

If the 5-year survival of macular function is 
improved only from 75 to 83 per cent by drainage 
surgery (Kronfeld and McGarry, 1948), these 
sequelae of surgery would not be justified. However, 
Kronfeld and MeGarry did not describe the 
amount of lowering of intraocular pressure achieved 
medically in their unoperated group and this may 
have more significance regarding survival of the 
visual field than 24-hour control under the arbitrary 
pressure of 21 mmHg (Miller and Karseras, 1974). 
In cases in which medical therapy has little thera- 
peutic effect on high intraocular pressures and 
reasonable longevity is assumed, the risks of 
surgery may be considered to be justified in patients 
with advanced glaucoma. 

The results of cataract extraction show that 10 of 
13 patients had an improved visual acuitv, maculo- 
pathy being responsible for postoperative morbidity 
in three patients. 

Lawrence (1969) carried out eight cataract 
extractions 1n eyes with macular function and this 
was retained in six patients (three central islands 


and three quadrantic loss). Maculopathy restricted 
visual improvement in two eyes with quadrantic 
field loss. 

These findings suggest that cataract extraction 
in eyes with advanced glaucoma will usually incur 
benefit to the patient and that the risk of removing 
the small amount of sight the patient may have, is 
small (reduction or loss of visual acuity was not 
recorded in the present series or in Lawrence's 
eight cases). Failure to improve the vision may occur 
in 24 per cent of patients (five out of 21 extractions, 
combining data of Lawrence and present series), 
mainly due to an increased incidence of maculo- 
pathy. Sixteen of these eyes were subjected to 
drainage operations before cataract extraction. Both 
series show the development of a postdrainage 
maculopathy in some of these patients with late 
glaucoma, so that the culpability of the cataract 
extraction itself may be less. 

In the monitoring of glaucoma simplex a gradual 
progressive loss of visual acuity is frequently 
observed. This gradual loss is not due to glauco- 
matous field loss (despite apparent changes in 
perimetric field analysis), but often to progressive 
lens opacity. We have found that, as in retinitis 
pigmentosa with residual macular function, minor 
lens opacities severely affect visual acuity in late 
glaucoma. When loss of visual acuity is severe 
enough lens extraction will improve the sight in 
over 75 per cent of patients. Six of the r1 patients 
who underwent cataract extraction experienced a 
great improvement in visual function (Table III; 
Patients 2, 3, 6, 8, 10, and 13). Two aphakic eyes 
(4, 11) are contributing to binocularity, and two 
(5, 7) are held in potentially useful reserve. 

When cataracts develop in patients with glaucoma 
simplex who are under ophthalmic care their 
management is easier. The history of the visual 
acuity and the visual fields will usually indicate if 
macular function is likely to be present, as dis- 
cussed already. 

When patients present with advanced cataracts 
and late glaucoma (Patients 9 to 13, Table IIl) it 
may be impossible to determine the status of 
macular function. Thus in four of these five patients, 
pinhole vision, Maddox rod testing, entoptic 
imagery, and testing the perception of two approxi- 
mated coloured lights did not indicate the presence 
of macular function. Perimetric field analysis is 
too refined a technique to determine the visual 
fields. If vision is capable of registering hand move- 
ments this visual stimulus to confrontation in the 
four quadrants has been found to be the most 
useful in determining the extent of glaucomatous 
field loss. If visual fields are full to confrontation 
macular function is invariably present despite 
possible central Bjerrum scotoma. It is rare for 
central vision to be lost subsequent to a quadrantic 


defect (Patient 12, Table III) and it is often re- 
tained in the presence of a nasal hemianopic 
defect (Table III, Patients ro and 11). Such glau- 
comatous field defects, when associated with 
advanced cataract, do not preclude potential 
macular function. This was attained in three out of 
five eyes in these circumstances (Table III, Patients 
IO, II, 13). It is rare to make such patients’ vision 
worse, so that reversibility of visual loss may be 
excluded by cataract extraction when the patient's 
binocular visual status and life situation merit it. 


Summary 


Loss of visual field subserving macular function 
has been found to be rare after intraocular surgery 
in advanced glaucoma. Abrupt changes in refrac- 
tive error, lens opacity, and suppression must be 


carefully excluded before macular fixation is _ 


deemed lost. 
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Intraocular surgery in advanced glaucoma 13% 


Out of 69 intraocular procedures (46 drainage 
operations, 13 cataract extractions) two patients 


_lost central visual field. subserving macular fixation 


possibly as a result of surgery. 

There is an increased incidence of postoperative 
maculopathy in late glaucoma. Three drainage 
operations out of 46 and four cataract extractions 
out of 13 had this complication. 

Altogether 30 per cent of drainage procedures 
induced deterioration of visual acuity of lenticular 
origin to a level normally requiring cataract extrac- 
tion. Trabeculectomy was found to be less likely 
to cause this sequela than the Scheie procedure at 
the 6 month postoperative stage. However, 77 per 
cent of patients with advanced glaucoma and 
cataract obtained a satisfactory improvement in 
visual status after cataract extraction. 


We should like to thank M. V. Graham, P. Graham, 
and P. V. Mills for permission to study their patients. 
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Influence of thymoxamine on changes in pupil diameter and 
accommodation produced by homatropine and ephedrine 


SUSAN SMALL axb J. H. STEWART-JONES 
From the Department of Ophthalmic Optics and Visual Science, City Untversity, London 


AND 
P. TURNER 


From the Department of Clinical Pharmacology, St Bartholomew’s Hospital, London 


Thymoxamine is an «œ adrenoceptor blocking 
drug which has miotic actions when applied topi- 
cally in the eye (Sneddon and Turner, 1968; 
Turner, 1969). It has been recommended for 
reversal of the potent mydriatic effect of a combi- 
nation of eucatropine and phenylephrine (Smith, 
1971). Since several types of mydriatic agents are 
used clinically, a study has been carried out to 
investigate the miotic effect of thymoxamine after 
treatment with homatropine and ephedrine separ- 
ately and in combination. 


Material and methods 


Twelve healthy students (six men, six women), aged 
19—21 years, and with various eye colours volunteered 
for the investigation. Each was subjected at weekly 
intervals, in random order based on three Latin square 
designs, to four different treatments shown in Table I. 
Before instillation of any drug into the conjunctival sac, 
the pupil diameter was measured using a clear Perspex 
pupillometer in which holes of various sizes were 
drilled for direct comparison with the subject's pupil 
and which measured pupil diameter to the nearest 
o5 mm. Uniocular amplitude of accommodation was 
recorded for both eyes using a Duane near-point rule, 
the other eye being occluded. The mydriatic agent or 
saline was then instilled into both eyes, and at 30 min 
thymoxamine o'r per cent was instilled into the right 
eye. Pupil size was recorded at 30 min after the start of 
the experiment just before instillation of thymoxamine 
and then at 15 min intervals until go min. The ampli- 
tude of accommodation was recorded at 30, 60, and go 
min. Illumination was kept constant in the laboratory 
throughout the investigation. 


Results 


The mydriatic effects of the treatments used, their 
reversal by thymoxamine, and the changes in 
amplitude of accommodation are shown in the 
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Figure. The statistical analyses of differences 
between the eyes in pupil diameter and amplitude 
of accommodation at 90 min using a paired 
Student's £ test are given in Table II. em 

After treatment with saline, thymoxamine pro- 
duced the expected miosis in all subjects. It also 
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FIGURE Changes tn pupil diameter and accommodation 
produced by normal saline, ephedrine, and homatropine 
alone and tn combination, instilled into both eyes at zero 
time and observed over 9o min (@-@) and their 
modification by thymoxamine (O-O) instilled into one eye 
at 3o min ( ^ ), in 12 subjects 


produced a small but significant increage in ampli- 
tude of accommodation compared with the opposite 
untreated eye. The mydriasis induced by ephedrine 
was completely reversed by thymoxamine. A 
small but significant reduction in accommodation 
was found after ephedrine, and this was also 
reversed by thymoxamine. Thymoxamine failed to 
reverse completely at 9o min the mydriasis pro- 
duced by homatropine, nor did it reverse completely 
the reduction in amplitude of accommodation 
produced by homatropine. Similar results were 
obtained with the combination of ephedrine and 
homatropine. The mydriasis produced by the 
combination was significantly greater (P <o-o1) 
than that produced by homatropine alone. All 
treatments were well tolerated. In particular, 
thymoxamine in the concentration of o'r per 
cent produced no irritation, giving less discomfort 
than ephedrine 5 per cent. 


Discussion 


These results confirm those of Smith (1971) that 
thymoxamine eye drops quickly reduce the mydria- 


Table I Mydriatic regimens employed in both 
eyes of 12 volunteers 30 mtn before instillation of 
thymoxamine into the right eye 





Drug instilled at zero time into right 


Regrmen and left eye 

A Ephedrine hydrochloride 5:0 per cent 

B Homatropine hydrochloride 0-5 per cent 

C Ephedrine hydrochloride 5-0 per cent 
and homatropine hydrochloride o:5 
per cent 

D Sodium chloride o:9 per cent 
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sis produced by a combination of an anticholinergic 
drug with a sympathomimetic amine. The reversal 
is not complete, however, for the sympathetically 
mediated dilator pupillae component plays a smaller 
partin the mydriasis than reduction of the parasym- 
pathetically mediated sphincter pupillae component 
(Mapstone, 1970). 

This is further demonstrated by the very small, 
although statistically significant, difference between 
the mydriasis produced by homatropine alone and 
that by its combination with ephedrine. This has 
important implications in other situations in which 
patients may be treated with drugs possessing 
anticholinergic properties. For example, Ghose, 
Dobree, Taylor, and Turner (1974) showed that 
the miotic effects of thymoxamine and of guane- 
thidine are reduced in patients receiving amitrip- 
tyline, a tricyclic antidepressant drug, probably 
because of its anticholinergic activity. While it is 
possible that a higher concentration of thymoxamine 
such as 0:5 per cent would have produced a greater 
miosis in the present study, it causes marked 
irritation in many subjects, and cannot be recom- 
mended for routine use. 

While it is generally reported that ephedrine 
does not cause cycloplegia, these results show that 
ephedrine 5 per cent produced a small but statis- 
tically significant reduction in accommodation, 
and so confirm the observations of Howard and 
Lee (1927) and Mitchell (1959) that ephedrine 
1-10 per cent produced a fall in accommodation 
of o:25-2:50 dioptres. The increase in accommoda- 
tion produced by thymoxamine is consistent with 
these observations. It is probable that this is 
associated with the changes in pupil size produced 
by these agents, as Campbell (1957) showed that 
an increase in pupil diameter was accompanied by 
an increase in the hyperfocal distance. Such changes 
must be considered when accommodation studies 
are performed in patients with sympathetically 
mediated pupillary disorders. 


Table II Influence of thymoxamine o'r per cent on the mydriasis and change in accommodation produced 
after 9o min by ephedrine, homatropine, and a mixture of ephedrine and homatropine in 12 subjects 





Mean pupil diameter (mm) 


Treatment 
No thy- Thymoxa- SE 
moxamine mine diff. t 
Saline 51 4'5 Ors 107 
Ephedrine 
5 per cent 72 44. Oo'21 13°3 
Homatropine 
o'g percent 73 | 60 O' II  II'4 
Ephedrine 4- 


Homatropine 7:7 6:2 O'14  IO'9 


Mean amplitude of accommodation (D) 


No thy- Thymoxa- SE 

moxamine mine diff. t P 
<0-001 79 8-9 04$. 2a ue 
<ooor 64 7'9 o'57 2772 <02 
«oo001 2°9 46 O42 4°03  «XOOI 
<O'OOI 52 5'9 O30 220 «005 
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Summary 


Local instillation of thymoxamine eye drops (o'i 
per cent) completely reversed the mydriasis 
. produced by ephedrine (5 per cent) but not that 
produced by ephedrine (5 per cent) together with 
homatropine (o:5 per cent). Small but significant 
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changes in accommodation were found with 
ephedrine and with thymoxamine, as well as the 
larger expected changes with hommatropine. 
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Clinical assessment of rhodopsin in the eye 
Using a standard fundus camera and a photographic technique 


U. B. SHEOREY 


From the Department of Visual Science, Institute of Ophthalmology, London 


In recent years, the technique of fundus reflecto- 
metry (see Weale, 1974), has been shown to be 
particularly helpful in locating defects in the pri- 
mary -stage of the transduction of light into vision. 
It has thus been possible to assess the availability 
of retinal pigment in cases such as night blindness. 
When the results are considered together with those 
from complementary electrophysiological or psycho- 
physical tests, a much clearer diagnosis concerning 
the site of the lesion is possible. The basis of the 
measurement is the marked change in the absorp- 
tion spectrum of the visual pigment rhodopsin 
when it is bleached by strong exposure to light. 
'Thus if a defined part of the retina is bleached— 
that is, an imprint or an ‘optogram’ is formed on 
the retina—a comparison of the reflectances of the 
unexposed and exposed areas can be used as an 
indicator of the availability of pigment in that 
region. The measurement can be carried out 
only for a double transit of light through the 
retinal layer provided that the bleaching of the 
eye has affected only the retinal pigment. 

In most previous clinical studies, complex 
apparatus was used and the procedure was involved. 
We have been able to use a simple procedure and a 
conventional fundus camera, albeit slightly modi- 
fied. The use of a standard fundus camera and a 
flash bleaching technique has obvious clinical 
advantages—for example, the co-operation re- 
quired of the patient is minimal. These modifica- 
tions are described in this paper and the use of this 
technique in assessing the pigment concentration 
in rod rich parts of the retina is illustrated. These 
modifications were designed so that they could 
either be easily removed from the light path in the 
camera or left in place provided they^did not 
hinder the original application of the camera. As 
very little machining is required on the main body 
of the apparatus, its absence from the clinic is 
short. An approximate assessment of the density 
contrast of the optogram can be made immediately 
after developing and fixing the latent image on the 
photonegative. A value for the density contrast 
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can be obtained later by means of a microdensito- 
meter. The modified apparatus thus provides a 
simple procedure for routine and rapid clinical 
assessment of rhodopsin in the eye. 


Method 


The spectral absorption of the visual pigment is different 
for the bleached and the unbleached states, and the 
intensity of the light beam which has traversed through 
the retinal layer containing the pigment will be modified 
accordingly. We may compare the intensities either 
from two adjacent areas, one of which is bleached, or 
from a given area before and after it is bleached. If this 
difference is due oaly to a change in the retinal pigment, 
we can relate the changes in the concentration of that 
pigment to changes in optical densities. The change in 
optical density is a function of the wavelength of light 
used for the measurement; it is largest in bluish-green 
light for the rod pigment. 

The present method uses a photographic technique 
to record this difference from adjacent areas of the 
retina after a defined part of the retina has been bleached. 
In order to relate the recorded density differences to 
true differences, the photonegative also carries a cali- 
bration which is superimposed at the same time as 
the recording. Thus, distortions which may be intro- 
duced during the process of the development of the 
latent image on the film can be compensated (Arnold, 
Rolls, and Stewart, 1971). 


APPARATUS 


'The basic apparatus consists of a standard Zeiss* 
fundus camera and its associated electronic power 
supply unit for the xenon flash tube. The paths of 
the light beams which are used to provide the 
retinal illumination for general viewing, flash 
bleaching, and photography are unfortunately 
largely common. In order to produce an optogram 
by bleaching a defined part of the retina, an aper- 
ture in this light path is required, but it has to be 
removed for general viewing of the fundus and 
during photography. 

'l'hese modifications are illustrated schematically 
in Fig. 1. The original tubular holder which sup- 
ports the objective lens L is replaced by a modified 
*C, Zeiss, Oberkochen, Germany 
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housing. T'he axial length of the housing and the 
mechanical dimensions at both its ends are exactly 
the same as for the original tube so that the two 
can be interchanged. The housing accommodates 
a moveable carriage which in turn accommodates 
an aperture-plate. The apertures can be moved 
along the optical axis by rotation of the shaft S, so 
that they can be made conjugate with the patient's 
retina. Either aperture may be brought into the 
light path by means of the knob K,. A shielded 
press-switch, Sw, 1s mounted at the end of K, to 
activate the xenon flash B, for retinal bleaching. 
This switch is wired electrically in parallel with 
that on the mechanical shutter of the 35 mm 
camera. This duplication of the switch is desirable 
to enable the flash to be activated independently 
of the camera and to reduce the number of hand 
movements by the operator during the procedure. 

The aperture-plate P carries two apertures, A, 
for normal viewing of the retina and for photo- 
graphy, and A, for defining the retinal area that is to 
be bleached (Fig. rc). The plate is mounted perpen- 
dicular to the optical axis of the fundus camera and 
in the moveable carriage. Both apertures are made 
from thin sheets of brass and can easily be removed 
and exchanged for other shapes and sizes—for 
example, as might be required for the investigation 
of the density of the retinal pigment along the 
vertical meridian. The aperture A, is currently 
28 mm diameter, equivalent to a retinal view of 
35°. Access to these apertures may be obtained 
simply by removing the lens L. All internal sur- 
faces of this housing and the additional components 
which are mounted in the fundus camera are 
painted matt-black so as to prevent stray reflections 
within the camera reaching the patient’s eye or the 
recording camera. 

F, is the deep-red colour filter that is required 
in the path of the white light from the bulb B, to 
provide a safelight for retinal viewing. It is con- 
structed from a sheet of coloured gelatine (Ilford, 
no. 608) which is clamped between two thin plates 
of glass and held within a metal plate. A rectangular 
slot is required in the side panel of the apparatus 
for the insertion or removal of the filter from the 
light path. Note that F, does not need to be handled 
since it does not interfere with either the bleaching 
or the recording steps. Two miniature light- 
emitting diodes* are also provided within the 
housing as additional fixation targets. These diodes 
are required because the patient cannot see the 
internal target T once the aperture A, is changed 
to A, if his centre of fixation is outside the area 
defined by A,. Furthermore, since the paths of the 
viewing and the bleaching lights are largely com- 
mon, T is not illuminated when the bluish-green 
filter is introduced 'into the light path before 
* Motorola, type MLED 20 


photography. Few people, however, have any 
difficulty in maintaining fixation during the brief 
interval required to introduce the bluish-green 
filter and photograph the optogram. 

The safelight path is combined with the path of 
the xenon flash light by means of the half-mirror 
BS. In order to remove the infrared content of 
the intense xenon-flash, BS was remade from a 
piece of heat-absorbent glass. The bluish-green 
colour filer F4, which is required during the 
recording of the optogram, is placed in the light 
path after BS. The rest position of this filter is 
out of the light path as it is manually pushed 
into place immediately before photography and 
then retracted. Within the same mount, neutral- 
density filters may also be incorporated so as to 
adjust the retinal illumination independently of 
the power supply to the flash tube. It is thereby 
possible to achieve a common setting for bleaching 
and photography, thus considerably simplifying 
the procedure and avoiding waiting for the elec- 
tronic power supply to discharge and recharge 
between changes in settings. 

The calibration is superimposed on the film by 
placing a density-graticule DG in the recess 
between the film and the mechanical shutter of the 
camera; therefore, it is only in the path of the 
light reflected from the fundus. A typical graticule 
is illustrated in Fig. 1d. The part of the film on 
which the fundus image is recorded is indicated 
by the broken circle; the inner rectangle indicates 
the position of the optogram image relative to the 
graticule and one frame of the film. The graticules 
are made by exposing a series of strips—for ex- 
ample, (20 mm long, 2 mm wide, spaced 2 mm 
apart) on to photographic paper*. For present use, 
the exposure time was simply varied in steps during 
a trial run and then the appropriate exposure times 
were selected so as to produce strips of optical 
densities in the range o:05-o' 15. The position, size, 
and orientation of these calibration steps are deter- 
mined by the particular densitometric investigation 
that one wishes to perform. For example, for in- 
vestigations of the changes in the pigment con- 
centration along the vertical meridian, it would be 
useful to orientate these strips horizontally—that is, 
perpendicular to the bleaching rectangle. It is 
essential that an adequate calibration is recorded on 
the same film in the vicinity of the region of interest. 


CALIBRATION OF THE FLASH SOURCE 


The flux incident upon the patient's retina during 
the flash bleaching and photographic steps was 
calculated from the radiometric measurements 
which were taken on the xenon flash. To do so, 
a model eye was formed in front of lens L and a 


*Ilford N4Es5o 
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FIG. 1 (a) Schematic side view of Zeiss fundus camera 
showing principal components and modifications. 
Tubular housing at front houses objective lens L, and 
moveable holder for aperture plate P. Also shown are: 
adjustable, internal fixation target T; mirrors M; 
combined heat-filter and beam-splitter BS; filter F; 

for photographic step ; heat-absorbent filter HF; 
deep-red filter F,; white viewing light B,; xenon flash 
tube B4; calibration graticule DG; camera shutter S; 
additional fixation target, LED. Cylindrical assembly to 
left of lens L ts model eye used to measure flux arriving 
at simulated retinal plane. During use, assembly is pushed 
over mounting tube of lens L and distances are fixed 

by spacing rings Sp. Output of photodetector D ts fed 
into amplifier A for measurements 


(b) Schematic plan of modified fundus camera 
showing additional fixation targets LEDs and various 
control knobs and shafts. Rotation of K, moves plate 
holder P along optical axis for focus adjustments. 
Bleaching aperture ts brought into light path by pulling 
K, outwards. Flash can be activated by switch Sw. 
This ts electrically connected to be in parallel with 

that on shutter release switch of camera 


(c) Front view of aperture plate holder P which 
carries two apertures, À, for normal viewing of fundus 
and A for bleaching a defined area of fundus 


(d) Schematic illustration of density-graticule DG 
which ts placed between the shutter of camera and 

film so as to impress a calibration on film during 
photography. Broken line circle, corresponding to 
aperture A,, indicates area within which retinal image 

is formed. Inner rectangular region is area, correspondtng 
to Ag, within which optogram is present 
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photodiode was placed within it. This assembly is 
shown in Fig. 1a to the left of the objective lens L. 
The lens of the model eye had a focal length of 
17 mm and an aperture of 8 mm diameter. An 
objective radiometric method using a photodiode 
was used in preference to a photometric method 
using an eye because it is easier and more precise 
to use routinely in the clinic. The difficulty in 
making routine photometric measurements by eye 
with this fundus camera should be noted. The 
flash source is imaged in the pupil plane of the 
observer's eye; this image is not uniform and is 
almost as large as a fully dilated pupil. Furthermore, 
the output flux of the flash varies according to the 
interval between firings and the age of the tube. 

The waveform of the xenon flash (measured at 
ÀAz-505 nm) consisted of a fast rising front of 
about o'i ms (measured from 5 per cent of peak 
to the peak) followed by an exponential decay with a 
characteristic decay time of about o:4 ms (from the 
peak to 1/e of the peak, where e = 2*72). For photo- 
graphy of the optogram, the spectral distribution and 
intensity are defined by the transmittances of the 
ocular media, the filters, and the optical components 
within the fundus camera. The retinal energy 
density during photography is calculated to be 
7 jm? when using setting no. 4 on the flash 
control unit and filters FHF; 4-2E--o:4 ND. The 
ocular transmittance has been taken as 75 per 
cent for this calculation; details of this measure- 
ment and the calculation are given in the Appendix. 

For the bleach, F, and the neutral-density 
filters are removed from the light path. The increase 
in the spectral bandwidth and transmittance 
results in an actinic retinal energy density which 1s 
expressed by TeX900 Jm ?, where Te is the 
transmittance of the ocular media. Details of these 
calculations are also given in the Appendix. 'l'aking 
a mean value of Tp==60 per cent over the spectral 
range 430—630 nm, the bleaching flash is estimated 
to provide an actinic retinal energy density of 
5'4X 10? Jm. 

In previous studies on fundus densitometry, 
the retinal fluxes have been specified in photo- 
metric units. These may be related to the values 
given. above by means of the following: 

1 (scotopic) troland second==1-o1 X 1074 Jm™?, 
for A=sos nm and a pupil diameter of 8 mm. 
'Thus, while the value given above for photography 
compares well with the value of 4X 104 troland s 
which was used by Highman and Weale (1973), 
the bleaching flash currently used is about three 
times less intense than their figure of r-82 X 10’ 
troland s. The relationship between the fraction of 
pigment bleached and the retinal illuminance 
(Fig. 3, Ripps and Weale, 1969) indicates that the 
present flash will bleach about 55 per cent of the 
pigment. Thus, if the maximum optical density 
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difference that can be achieved in the eyes of 
normal subjects is taken to be o:16-o:18 D, we 
may expect to measure a density difference of 
o:'o9-o'ro D in these subjects with the present 
equipment. 

The alignment and focus adjustment of the 
camera were carried out by using the red filter 
F, in the path of the white light from the bulb B,. 
On setting 2 of the Zeiss power supply the retinal 
illumination was calculated to be 350 troland. The 
luminance of the image of the source formed in the 
pupil of the model eye was measured by means 
of a photometer*. The luminances of the additional 
LED fixation targets were adjusted by varying 
their input power so that they appeared to have 
the same luminosity as the surrounding field. The 
power spectrum of these LEDs is negligible at 
wavelengths shorter than 630 nm and their emission 
is confined to a narrow band in the deep red part 
of the spectrum. 


Procedure 


The patient is seated at the fundus camera in a darkened 
examination room. The pupil must have been fully dilated 
and dark adaptation allowed to proceed for at least 15 min 
before this. The plane of the film and the apertures are 
adjusted rapidly so as to be in focus with the retina. 
Since it is difficult for the operator to see much retinal 
detail in the dim red light, it is helpful to begin the 
adjustments while viewing the region around the optic 
disc which has a larger reflectance and is rich in struc- 
ture. Note that a slight re-adjustment will be necessary 
to view different parts of the fundus but no correction 
for chromatic aberration is required. The required 
retinal area is then brought into the centre of the field 
of view with the moveable internal fixation target or one 
of the LED targets and the focus checked. A retinal 
area in which there are relatively few blood vessels 
should be selected as far as possible, so that the traces 
recorded by the scanning densitometer are smooth and 
thus easier to analyse. The aperture A, is brought into 
the optical path by pulling the shaft S,, the xenon flash 
is activated by means of the switch Sw, and the shaft 
is pushed back; this completes the bleaching step. 
If the eye is still correctly placed, the filter F, is pushed 
into the light path, the retina is photographed, and F, 
is pulled back to its resting position. The camera 
shutter is set nominally to 1/25 s. The film is then 
advanced by one frame so that the camera is ready for 
another photograph or the next sequence. A readily 
available sensitive film[ is used for this reading. The 
film is processed in complete darkness and according 
to the manufacturer’s instructions. 

Careful alignment of the patient’s eye to the apparatus 
ig particularly important in this technique, because it is 
essential to transmit all of the available flux into the 
patient’s eye for bleaching. During photography, the 
spurious reflections and scatter from the eye that can 
so easily mask the image of the optogram, must be 
"Model 40À, made by UDT Inc, California, USA 
TKodak 2475 


avoided. Note that with the subject's fixation on the 
periphery of the apertures A, or Ag, the pupil will 
appear to be elliptical as viewed along the optical axis 
of the apparatus. Thus there is a reduced margin for 
the transverse alignment of the image of the light source, 
formed in the subject’s pupil. A misalignment would 
mean that a part of the beam would be occluded and 
this could cause a serious reduction in the retinal 
illumination. For a given patient, the focus and the 
fixation target require little, if any, adjustments on 
recalling the patient after a period of rest or further 
dark-adaptation. In order to ensure accurate fixation 
during the course of this procedure, the fixation target 
should be presented to the same eye as that used for 
recording the optogram. 


Results and the analysis of the optogram 


A positive print of a typical retinal photograph 
taken with this modified fundus camera is shown 
in Fig. 2. This was recorded from a subject in 
whom dark-adaptation and vision were normal. 
The rectangular optogram can be clearly seen in 
the centre of this photograph as an area of lower 
optical density. This area is crossed by the regularly 
spaced stripes caused by superimposition of the 
density graticule. It is important to note that the 
optical densities are reversed during the process of 
this photographic printing—that is, the bleached 
area in reality reflects more bluish-green light 
than the surrounding unbleached region so that 
it is more dense on the photonegative. The aper- 
ture A, used for bleaching was centred about 15° 
temporal to the fovea, along the horizontal meridian. 
The backs of the two LED fixation targets which 
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FIG. 2 A positive photographic print of typical 
optogram recorded from normal fundus. Subjects 
point of fixation is marked by LED target at left edge 


are provided within the lens housing can also be 
seen; the subject’s fixation is marked by the illu- 
minated LED target at the left of the photograph. 

In order to obtain quantitative results from the 
fundus photograph, the photonegative has to be 
scanned in a microdensitometer; a double-beam 
recording microdensitometer* was used for the 
present work. The displacement. of the trace- 
recorder, due to a change in the optical transmit- 
tance of the scanned sample, has to be initially 
calibrated; this was done by introducing known 
values of neutral-density filters in the path of the 
measurement beam. Then, using common experi- 
mental conditions for both measurements—for 
example, the same spot size and scan rate—the 
density-graticule and the photonegative are scanned 
in turn. The difference between the scans taken 
through the bleached area and the adjacent un- 
-bleached area is proportional to the true optical 
density difference. The proportionality constant 
is the transfer characteristic of the particular part 
of the film (Arnold and others, 1971). For a given 
region of the film if the step change due to the 
superimposed density graticule is the same for 
both scans, then this constant is unity. 'lhus 
deviations from unity can be noted and the results 
scaled accordingly. The procedure can best be 
illustrated by referring to Fig. 3 which shows the 
traces (corresponding to the scans taken through 
the sections indicated in Fig. 2). The traces are 
drawn about a datum line which is taken to be the 
base or fog level of the film. A scan of the particular 
density graticule which was used for this photo- 
graph is also shown in Fig. 3. Note, however, that 
this third trace has been drawn inverted so as to 
illustrate the point that the exposure received by 
the film which lies under the calibration strips is 
reduced. This local reduction of exposure can also 
be seen in the other two traces which are pulled 
down towards the datum in the regions containing 
the calibration strips. The calibration for the grati- 
cule is indicated in the centre of this figure. The 
transfer characteristic of this photonegative can' be 
*Model 3c, made by Joyce-Loebl Ltd 
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seen to be slightly above unity. The density contrast 
of the optogram formed in central part of this 
photograph—that is, 15-20? temporal—is about 
or D. The density difference can be determined 
more easily, in practice, when all three traces are 
available on separate sheets of transparent graph 
paper. The sheets containing the scans taken out- 
side and through the bleached region are then 
viewed against the sheet for the graticule. The 
graticule is once again held inverted and used as a 
template. 

‘These traces illustrate several additional interest- 
ing features. The traces are noisy and the reflectance 
varies across the retira. This variation is due to a 
variety of reasons, partly in the instrument and 
partly in the subjects eye—for example, the 
presence of blood vessels in the path of the scan 
or a non-uniform retinal reflex. Note, however, 
that the scale of this variation 1s either much smaller 
or else much larger than that due to the modulation 
impressed by the graticule on the fundus photo- 
graph. Thus it is easy to discriminate between the 
true density changes and the artefacts. The traces 
also illustrate the variaticn of the density difference 
across the retina. This variation is practically zero 
for the part of the retina nearer than 10? temporal 
to the fovea. It rises rapidly beyond this to a 
broad maximum in the region 15-30? temporal, 


. in general agreement with the distribution of rods 


in the retina. For routine clinical investigations, 
one would be interested chiefly in the central 


- portion of the photograph. 'T'hus, as indicated above, 


a graticule is made so that it provides a density 
step of a value which is of the order of the density 
difference that one expects to measure from normal 
subjects. A marked reduction in the density differ- 
ence recorded in a patient's eye would thus be 
readily seen to be much smaller than this step. The 
two outermost strips are well outside the expected 
range. However, they illustrate the fact that even 
when the illumination on the film is reduced by 
0*35 density units, an appreciable density difference 
can still be recorded. This difference can of course 
be achieved only from optograms formed in regions 


FIG. 3 Trace recordings produced by scanning 
microdensitometer. Traces 1 and 2 are due to 
scans taken through corresponding sections which 
are indicated in Fig. 2. Lowest trace is scan of 
particular density graticule used to superimpose 
calibration. Scan has been drawn inverted so as to 
indicate that exposure of film underlying density 
X strips ts reduced. Ordinate represents optical 
density ; abscissa represents distance along 
horizontal meridian on fundus 
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of the retina distal from the macula. Thus the 
film as such appears to have an operational range 
which encompasses the gross variations of retinal 
reflex across the retina. Note also that in this 
graticule the densities of the steps increase away 
from the vertical midline. Thus a graticule such 
as this may be used to photograph the optogram in 
corresponding regions of either eye without requir- 
ing the replacement of graticules during measure- 
ments on both eyes. 


Discussion 

This example of the use of the modified fundus 
camera was typical; a clinical study of various 
retinal disorders using this apparatus is in progress 
and full results will be described in due course. 
Thus the comments below refer mainly to points 
of technique. Ín regular use, this modified fundus 
camera has proved to be no more difficult to use 
than is the normal camera for routine fundus 
photography. As the method provides a rapid, 
convenient means of supporting the measurements 
of associated retinal tests in diseases such as night- 
blindness, routine densitometric measurements 
may also be carried out in the same clinic with this 
apparatus. 

The maximum flux available from the present 
equipment is insufficient to bleach all the visual 
pigment within a given region. The flux could be 
increased but only by modification, perhaps 
extensive, of the optics or the flash unit. However, 
as established by Highman and Weale (1973) in 
cases such es retinitis pigmentosa, the density 
differences in a given retinal region are much lower, 
and the vis ial thresholds of the same retinal region 
are much higher, than those in normal subjects. 
Therefore, for the assessment of such cases the 
apparatus may be used without any further modifi- 
cations. It should be noted that simply increasing 
the incident flux may not give a markedly denser 
optogram, because short intense flashes of light 
can bleach only up to a limit of 70-80 per cent of 
the available pigment because of photoregeneration 
(Williams, 1974). Furthermore, the associated 
heating effect of the intense retinal illumination 
may well produce a deleterious effect—that is, 
oedema. The optical effect of this oedema is 
partially to counteract the density difference due 
to the bleach (Weale, 1968). Its magnitude, how- 
ever, is said to be independent of the wavelength 
of light used for the measurement so that it may be 
quantified by measurements outside the absorption 
spectrum of the pigment. In order to ascertain 
whether oedema had been caused, a series of four 
or five fundus photographs were taken in deep- 
red light immediately after the retina had been 
bleached and at half-min intervals subsequently. 


The filter F, was replaced by a suitable deep-red 
colour filter*. In these photographs, no density 
difference corresponding to the bleaching aperture 
could be seen in the region of the optogram. The 
experimental conditions in the earlier fundus 
densitometric measurements were markedly dif- 
ferent from those used currently—for example, 
Highman and Weale (1973) used a continuous Io s 
intense exposure for bleaching—and therefore 
comparative assessments of the various procedures 
are difficult to make. In the previous studies, only 
the photometric effect of the bleaching light was 
specified, whereas in the present approach, both 
the actinic and the total retinal flux densities are 
estimated. Thus the total flux entering the eye can 
also be calculated (see Appendix). 

This apparatus cannot be used in its present 
form at large viewing angles—that is, no larger than 
about 15° in either the vertical or the horizontal 
meridians. Ín order to do so, the image of the 
flash source which is formed in the subject's pupil 
would need to be reduced without reducing the 
incident flux. This reduction in the pupillary area 
as a function of the viewing angle was measured by 
Jay (1961). A smaller pupillary image would 
additionally reduce the variation in the retinal 
illumination due to the involuntary eye movements. 
These are particularly noticeable in older patients 
in whom more care is required for alignment. Note 
that a slizkt variation in the retinal illumination— 
for example, as a result of ocular absorption or 
small eye movernents—does not restrict the use of 
this reflectometric method of measurement because 
a differential measurement is involved. The reduc- 
tion in the retinal illumination during the bleaching 
step, however, could be significant since the 
density contrast of the optogram would be reduced. 
T'he reduction in the flux as a result of absorption— 
for example, in the lens—could be compensated 
by an appropriate increase in the incident flux 
using the data established by Said and Weale 
(1959), or by a specific measurement in a particular 
case. 


Summary 


A technique based on the method of differential 
fundus reflectometry is used to assess the avail- 
ability of rhodopsin in the eye. A defined part of the 
dark adapted fundus is bleached by a short intense 
flash of light. The fundus is subsequently photo- 
graphed in order to record the flux reflected from 
the bleached area, the optogram, and the surround- 
ing unbleached region. This procedure requires 
only a few simple modifications to a Zeiss fundus 
camera before it can be used routinely in the 
clinic. 

*Ilford No. 608 
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The use of the Zeiss fundus camera for fundus densito- 
metry was suggested by Professor R. A. Weale whose 
keen interest during the modifications and the clinical 
trials was invaluable. The modifications to the camera 
were carried out by Mr G. Mould. 

Thanks are also due to Mr P. E. Cleary for collabora- 
tion with the clinical development. 


Appendix 
MEASUREMENT AND ASSESSMENT OF THE RETINAL FLUX 


The absorbances A) of the various spectral filters used 
in the procedure and for calibration were measured in 
a dual-beam scanning spectrophotometer*. The results 
are tabulated below: 








Absorb- 

ance 
Filter (density) A>, (at A= 505 nm) 
F, 0:60 (Half power bandwidth: 10 nm) 
HF, O07 


Wratten 2E 0:03 





The flux density in the retinal plane which was 
simulated within the model eye was measured by a 
fast-response photodiodet. The photodiode was oper- 
ated in the photoconductive mode, using a bias of 
—45 V on its guardring electrode. The photocurrent 
was fed directly into an operational amplifier which was 
constructed from an integrated circuit, type LM 308. 
This was wired so as to perform either as a linear cur- 
rent-to-voltage converter or an integrator. Thus the 
envelope of a photocurrent pulse resulting from the 
detection of a xenon flash could be, viewed on an oscillo- 
scope or the integral of the current pulse could be 
measured by means of a voltmeter. The linearity of 
the operational-amplifier circuit was checked by inject- 
ing pulses of current from a pulse generator and through 
suitable known values of resistors. The response time 
(measured between the io per cent and 9o per cent 
*Perkin Elmer, model 402 


1SGD 102A, a silicon PIN type, supplied calibrated by E. G. and 
G. Inc, Boston, USA 
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amplitude points) was less than 20 us, a value con- 
siderably less than the rise-time of the xenon flash. A 
capacitor of 10 Farad was used in the feedback path 
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unit, the output was 130-++3°7 mV (mean of five flashes, 
ignoring the first flash). Thus the charge accumulated 
was r3 X 0 * C per flash. The response sensitivity of 
the photodiode is 0-217 A/Watt, at A= $05 nm, and the 
active area is 5:1 X10~* m. Thus the energy density 
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or goo x Te ]m^*. 
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Plasma amino-acids in hereditary retinal disease 


Ornithine, lysine, and taurine 


ELIOT L. BERSON, SUSAN Y. SCHMIDT, anb ARNOLD R. RABIN 
From the Berman-Gund Laboratory for the Study of Retinal Degenerattons, 
Harvard Medical School, Massachusetts Eye and Ear Infirmary, Boston 


In one previous report plasma free amino-acids 
were found to be normal in seven patients with 
hereditary retinitis pigmentosa (Campbell and 
Tonks, 1962); however, the genetic types studied 
and the amino-acids measured were not specified. 
In more recent investigations, a reduction of plasma 
taurine and an increase in plasma ornithine have 
been demonstrated in association with retinal 
degenerations. A severe and selective plasma 
taurine deficiency was accompanied by the de- 
velopment of photoreceptor cell degeneration in 
cats which were given a taurine-free casein diet 
(Berson, Hayes, Rabin, Schmidt, and Watson, 
1976; Hayes, Carey, and Schmidt, 1975; Hayes, 
Rabin, and Berson, 1975; Rabin, Hayes, and 
Berson, 1973; Schmidt, Berson, and. Hayes, 
1976). Delays in the cone electroretinogram (ERG) 
similar to those seen in patients with early stages of 
hereditary retinitis pigmentosa (Berson, Gouras, 
and Hoff, 1969; Berson and Howard, 1971; Berson, 
1974) were detected in these taurine-depleted 
cats. Nondetectable ERGs with plasma ornithine 
levels 10 to 20 times higher than normal have been 
reported in patients with recessively inherited 
gyrate atrophy of the choroid (Simell and Takki, 
1973; lakki, 1974a, b; Takki and Simell, 1974). 

The present study was undertaken in order to 
determine plasma ornithine and taurine concentra- 
tions in patients who had different genetic types of 
retinitis pigmentosa and allied chorio-retinal degen- 
erations. Precursors and metabolites of ornithine 
and taurine as well as levels of lysine (an analogue 
of ornithine) were also measured. 


Methods 


Plasma free amino-acids were measured in 41 patients 
with representative types of hereditary retinal degenera- 
tions, six relatives of patients with gyrate atrophy of 
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Foundation, Baltimore, Maryland, and the George Gund Founda- 
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the choroid, and 13 normal subjects. Patients included 
those with retinitis pigmentosa (dominant, four; 
sex-linked, three; autosomal recessive, r5; Usher’s 
syndrome, two; and Laurence-Moon-Bied! (LMB) 
syndrome, two); juvenile macular degeneration, four; 
choroideremia, three; generalized choroidal sclerosis, 
three; and gyrate atrophy of the choroid, five. Among 
the patients with autosomal recessive retinitis pigmen- 
tosa, six had signs of early macular degeneration with 
visual acuity of less than 20/50. Two patients with 
juvenile macular degeneration had Stargardt’s disease, 
and two had fundus flavimaculatus. 

Patients with gyrate atrophy (Patients 1-5) and their 
relatives (Patients 6-11) were from four families. 
Patients 3 (parents 8 and 9) and 4 (sibling 10) were of 
Portuguese extraction; Patients 1 and 2 (parents 6 and 
7) were of Swedish extraction; and Patient 5 (parent x1) 
was of English extraction. Parents of Patient 3 were 
first cousins. All patients had myopia. Refractive errors 
ranged from —1:oo dioptre (Patient 1) to —16:00o dioptres 
(Patient 2). Ophthalmoscopical examination was per- 
formed on all patients and their relatives. Full-field 
ERG testing was done on the patients using techniques 
described previously (Berson and others, 1969). For 
comparison, fundus examination and ERG were carried 
out on one child (Patient 12), aged 11 years, previously 
described (Shih, Efron, and Moser, 1969) and known 
to have hyperammonaemia, hyperornithinaemia, and 
homocitrullinuria. In addition 1o plasma amino-acids, 
levels of blood ammonia (NH) and blood urea nitrogen 
(BUN) were measured in four of the five patients with 
gyrate atrophy and in five of the six relatives. 

'The amino-acid analyses were performed as described 
previously (Stein and Moore, 1954) using a Durrum 
500 automatic amino-acid analyzer. Fasting blood 
samples were collected and centrifuged, and the plasma 
was immediately deproteinized with 30 mg/ml sulpho- 
salicylic acid (Perry and Hansen, 1969). The deprotein- 
ized supernatents were stored at a temperature of ~70°C. 

Before amino-acid analysis, the pH of each extract 
was adjusted to pH 2:2 with lithium hydroxide crystals, 
and an aliquot of 40 ul was applied to the ion exchange 
chromatography column (Durrum DC-4A resin). The 
samples were eluted from the column by a continuous 
lithium buffer gradient (from o:34 M, pH 2-89 to 
1-19 M, pH 6:5) at a rate of 6:3 ml/h and at three tem- 
peratures (41°C, 45°C, and 65°C). The results obtained 
using this method were reproducible within a -+8 
per cent range. 
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Table I Plasma amino-acids (nmol/ml) in normal subjects, patients with retinal degenerations, and relatives 





of patients with gyrate atrophy 
Retinitis pigmentosa 
Juvenile 
Auto- Ushers LMB macular General Gyrate 
Domi- Sex- somal syn- syn- degener- Choroid- choroidal Gyrate atrophy 
Normal nant linked recessive drome drome ation eremia . sclerosis atrophy relatives 
No. of subjects 13 4 3 I5 2 2 4 3 3 5 6 
` Age range 9-58 10-28 14-28 1-52  1i-31 6-17 11-25 30-33 17-39 7-18 13-44 
(years) 
Taurine 57 40 40 44 6o 50 45 50 57 46 45 
+28 4:8 +o +8 +13 +19 +12 +9 +5 
Aspartic acid I2 10 13 12 — — — 10 10 IO 8 
+4 +o +6 +4 +0 +o +o +4 
Glutamine 863 733 723 983 950 — 640 955 965 706 717 
+232 £99 £331 +170 +113 +245 +295 +308 +191 
Serine 119 118 117 123 100 70 110 103 113 126 93 
+17 cio +6 +30 +18 +21 +46 cis +21 
Glutamic acid 32 28 27 39 35 30 — 43 33 24. 32 
+13 +5 +6 +18 +23 +15 +9 4+ ro 
Proline 18x 138 207 201 130 IIO 128 193 170 224. 270 
+66 +69 +74 +90 +17 +58 +92 +77 mir 
Citrulline 32 33 30 29 15 IO 48 30 27 26 270 
+8 +6 +10 +12 +13 +10 +6 +5 +s 
Cysteine 120 116 126 124 go go 80 120 100 100 go 
+22 4-10 +12 +22 +34 +20 +20 +20 + XO 
Methionine 28 28 33 29 30 20 28 20 23 22 25 
+9 + +12 +5 +5 +o +6 +4 +8 
Ornithine 61 65 63 65 80 60 45 73 57 "1,026 tioz 
+16 +ro +31 +12 +10 +15 X15 +277 +29 
Lysine 167 158 160 175 200 130 155 193 167 +102 158 
+19 +5 +40 +47 +13 +40 +21 +37 d:19 
Arginine 103 95 103 IOI 75 go 85 107 97 88 8o 
+24 24 +15 +428 +24 i46 #12 +8 i13 





The values represent the mean 4 SD 


Significantly different from normal *P « 00005, TP < o:coas, IP «0:005 


Results 


Table I shows that in five patients with gyrate 
atrophy of the choroid the mean plasma ornithine 
is 17 times higher than in normal subjects (Student's 
two-tailed z test, P «o-0005). The mean plasma 
ornithine value for relatives of patients with gyrate 
atrophy is 177 times higher than normal (P <o-oos). 
Mean plasma lysine of the patients with gyrate 
atrophy is lower than normal (P «0:0025) while 
that of the relatives of patients with gyrate atrophy 
is normal. All other plasma amino-acids measured 
in patients with gyrate atrophy, relatives of patients 
with gyrate atrophy, and patients with other 
representative types of hereditary chorio-retinal 
degenerations are within normal limits. 

Table II shows plasma ornithine and lysine 
values for each patient with gyrate atrophy. The 
minimum increase is IO times above normal, and 
the maximum is 22 times. Four out of five patients 


have lower-than-normal plasma lysine. Four out of 
six relatives have plasma ornithine levels outside 
the normal range, and all have normal lysine 
values. Blood NH, and blood urea nitrogen levels 
are normal in all patients. 

Ophthalmoscopical examination showed typical 
changes in gyrate atrophy in Patients 1—5. Atrophy 
appeared most extensive in tbe midperipheral 
fundus of Patients 2 and 3 and could also be seen 
in the posterior pole. Atrophy was visible only in 
the midperiphery in Patients 1 and 4. ERGs were 
nondetectable in Patients 2—5 and were 75 per cent 
below normal in amplitude in Patient r. Relatives 
had no visible fundus abnormalities. 

Patient 12 who was known to have hyperornitbi- 
naemia, hyperammonaemia, and homocitrullinuria 
(Shih and others, 1969) had a tenfold increase in 
plasma ornithine (650 nmol/ml) at a time when the 
fundus examination and ERG were normal. 
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| Table IL Biochemical findings in patients with gyrate atrophy and their relatives 


Plasma Plasma Blood NH, BUN 

ornithine lysine Ug mg 
Age Sex nmol/ml nmol/ml per cent per cent 

Patients I 7 Female 1170 110 86 17 
2 8 Female 880 60 IIO 16 
3 18 Female 1140 go 57 16 
4 II Male 620 160 82 20 
5 17 Male 1320 go — — 
Relatives 6 41 Male I50 170 77 13 
7 30 Female 70 130 84. 16 
8 44 Male IIÓ 18o 6o IO 
9 40 Female 9o 140 60 II 
10 13 Female IIO 170 55 17 
II 50 Male 8o 160 — — 

Normal range 40—80 130-210 « IIO 10—20 


Discussion 

This investigation has confirmed previous reports 
(Simell and Takki, 1973; Takki, 1974a, b; Takki 
and Simell, 1974) that the level of plasma ornithine 
was much higher than normal in patients with 
gyrate atrophy of the choroid. Other hereditary 
degenerations involving the choroid and retina, in 
particular choroideremia and generalized choroidal 
sclerosis, were not associated with abnormal levels 
of plasma ornithine. In addition, the level of 
lysine, an analogue of ornithine, was lower than 
normal in four of five patients with gyrate atrophy 
of the choroid, and the mean value was significantly 
different from normal (P < 00025). Takki (Takki, 
19748) also showed that the range of lysine values 
was low in comparison with the normal range in 
the plasma and aqueous humour of her patients, 
but no statistical analysis was given. 

High plasma ornithine levels alone may not 
necessarily lead to the development of gyrate 
atrophy of the choroid. A threefold increase in 
plasma ornithine was reported in two siblings 
with mental retardation and normal fundi 
(Bickel, Feist, Müller, and Quadbeck, 1969). 
Patient 12 in this study with hyperornithinaemia, 
hyperammonaemia, and homocitrullinuria (Shih 
and others, 1969), had had a tenfold increase of 
plasma ornithine for at least nine years but was 
found to have a normal fundus appearance and 
a normal ERG. The plasma ornithine of Patient 
12 was comparable with that observed in Patient 
4 who was of the same age with fundus changes of 
gyrate atrophy and a nondetectable ERG. 

It 1s unlikely that the high plasma ornithine in 
gyrate atrophy has resulted from an enzyme defi- 
ciency in the Krebs-Henseleit urea cycle (see 


Fig. 1). Patients with a deficiency of ornithine 
transcarbamylase (OTC) have shown high levels of 
blood ammonia NH, and normal plasma ornithine 
(Efron, 1967; Levin, Abraham, Oberholzer, and 
Burgess, 1969). Other known enzyme defects in 
the cycle have usually been associated with high 
levels of blood ammonia (NH) and an increase of 
one or more amino-acids in the cycle (Efron, 1967; 
Shih and Efron, 1972). In contrast, patients with 
gyrate atrophy have the unusual combination of 
normal levels of NH, and high levels of ornithine 
as well as normal citrulline and arginine. 'l'herefore, 
the high level of ornithine is probably due to some 
abnormality not involving the urea cycle. Possible 
explanations include decreased activity of ornithine 
ketoacid transaminase (OKT) or ornithine decar- 
boxylase. 

A reduction of 70 to 8o per cent in the activity of 
OKT has been observed in two siblings with normal 
levels of blood NH, and a threefold increase in 
plasma ornithine (Bickel and others, 1969). This 
raises the question of whether an OKT deficiency 
alone could account for an increase of 10 to 20 
times of ornithine in patients with gyrate atrophy. 
In one patient with gyrate atrophy, liver biopsy 
showed an OKT deficiency, but this finding awaits 
confirmation (Takki, personal communication). 
Shih found normal OKT activity (Shih and Schul- 
man, 1970) and a 7o per cent reduction in ornithine 
decarboxylase activity (Shih and Mandel, 1974) in 
her patient (Patient 12) with a tenfold increase of 
plasma ornithine. Decarboxylase activity has not 
been measured in gyrate atrophy. If a decarboxy- 
lase had higher affinity for lysine than for ornithine, 
this could explain the high mean plasma ornithine 
and the low mean plasma lysine in patients with 
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gyrate atrophy, and this could also result in altered 
ratios of polyamine metabolites of ornithine and 
lysine (putrescine and cadaverine, respectively) in 
the plasma and in the retina. The role, if any, of 
ornithine and lysine as well as their polyamine 
metabolites in retinal function is not known. 
Several free amino-acids have been found in the 
normal retinae of many species. These include not 
only ornithine and lysine but also taurine, gluta- 
mine, glutamic acid, glycine, alanine, y-amino- 
butyric acid, aspartic ‘acid; and histidine (Pasantes- 
Morales, Klethi, Gedling: and Mandel, 1972). 
Evidence suggests that glycine (Ehinger and 
Lindberg, 1974) and y-aminobutyric acid (Graham, 
1974) are neurotransmitters in the retina, but the 
role of the other free amino-acids is not known. 
Taurine and ornithine have not been shown to be 
incorporated into proteins (White, Handler, and 
Smith, 1968). Taurine, present in the normal 
human retina (Kubitek and Dolének, 1958), 
exceeds by threefold the level of any other free 
amino-acid in the retinae of many species (Berson 
and others, 1976; Cohen, McDaniel, and Orr, 
|i 1973; Hayes and others, r975a; Kennedy and 
: Voaden, 1974; Macaione, Ruggeri, De Luca, and 
Tucci, 1974; Pasantes-Morales and others, 1972; 
Schmidt and others, 1976). 
Recent studies in the cat have shown that 
taurine has a biological role in maintaining photo- 
receptor cell viability. All cats fed a taurine-free 


casein diet developed a selective decrease in plasma 
and retinal taurine concentrations within 1o weeks 
and evidence of retinal degeneration was visible 
with the ophthalmoscope by 23 weeks in the area 
centralis. Ínitially the area centralis (comparable 
to the macula in man) appeared to be most affected, 
but taurine was similarly reduced in the central and 
peripheral retina, and by 1 year, cats bad degenera- 
tion of most photoreceptor cells. The cat, as well 
as man, has a low level of liver decarboxylase 
activity (Jacobsen and Smith, 1968) such that 
conversion of cysteic acid or cysteine sulphinic 
acid (see Fig. 2) to taurine proceeds at a slow 
rate. In the cat, supplementation of the casein 
diet with taurine precursors (methionine and 
cysteine) did not prevent the development of either 
taurine deficiency or the retinal degeneration 
(Berson and others, 1976). Delayed cone b-waves 
in the ERGs recorded from the taurine-deficient cat 
were similar to those recorded from patients with 
early stages of retinitis pigmentosa. 'l'he present 
investigation shows that taurine and its precursors 
(Fig. 2) were normal in the plasma of patients with 
different genetic types of retinitis pigmentosa and 
patients with hereditary juvenile macular degenera- 
tion. However, a local defect in taurine uptake or 
metabolism in the photoreceptor cells of these 
patients has not been excluded. 

The associations of raised levels of plasma orni- 
thine and low plasma lysine with gyrate atrophy of 
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the choroid in man, and low plasma and retinal 
taurine with retinal degeneration in the cat, have 
suggested new areas for research into the patho- 
genesis of retinal degenerative diseases. Further 
studies are needed to quantitate the free amino- 
acids in the human retina and to study the meta- 
bolism of these amino-acids in normal animals 
and in animals with retinal degenerations. 


Summary 

Plasma free amino-acids were measured in 4I 
patients with hereditary chorio-retinal degenera- 
tions including 26 with retinitis pigmentosa and 
five with gyrate atrophy of the choroid, six relatives 
of patients with gyrate atrophy, and 13 normal sub- 
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jects. Patients with gyrate atrophy had very in- 
creased levels of ornithine and slightly decreased 
mean lysine values. Most relatives had slightly 
increased ornithine. T'aurine, known to be deficient 
in the plasma of casein-fed cats with photoreceptor 
degeneration, was normal in all patients. Amino- 
acid precursors and metabolites of ornithine and 
taurine were also normal in the plasma. Although 
the association of high ornithine and gyrate atrophy 
appears constant, high levels of ornithine alone 
do not necessarily lead to this degeneration; one 
patient with known hyperammonaemia, homo- 
citrullinuria and a tenfold increase in plasma 
ornithine was found to have a normal fundus 
appearance and normal electroretinogram. 
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Retinal vein occlusion: long-term prospects 


ro years’ follow-up of 143 patients 


K. RUBINSTEIN ann E. B. JONES 


From the Medical Ophthalmology Clinic, Birmingham and Midland Eye Hospital 


Between the years 1960 and 1965, 226 patients 
were referred to the Medical Ophthalmology Clinic 
of the Birmingham and Midland Eye Hospital 
with the diagnosis of retinal vein occlusion. The 
first 120 consecutive patients were reported upon 
in 1964 in a paper on the pathogenesis of the 
condition (Paton, Rubinstein, and Smith, 1964). 
It was then decided to review the patients in 10 
years’ time in order to assess their long-term 
prospects regarding life expectancy, further mor- 
bidity, late ocular changes, and visual prognosis. 


Clinical material 


Of the 226 patients, 35 who were seen mainly in the 
final year of recruitment were excluded from our present 
study because of incomplete initial documentation, and 
45 could not be traced: 18 moved away, 1o left the city 
because of redevelopment and demolition of their 
homes, 17 stopped responding to our letters, and two 
were retrospectively re-diagnosed as cases of retinal 
vasculitis. Of the remaining 143 patients, 93 were found 
alive and were re-examined, 50 had died and we were 
able to establish the cause of death in 29 of them. Of 
the 143 patients under review, 75 were men (52'5 
per cent) and 68 women (47:5 per cent). Of the survi- 
vors, 47 were men and 46 were women. Of those who 
died 28 were men and 22 were women. 

The mean age at the time of first visit was 56 years 
for men and 63 for women (Fig. 1). Raitta (1965! found 
that men tended to be affected one decade earlier than 
women, and while from our material this appeared to 
be so for the sixth decade, it was not otherwise a striking 
feature. 

Altogether 73 right eyes were affected and 84 left 
eyes, an approximately equal distribution; both eyes 
were affected in 14 cases. The central retinal vein was 
affected in 8o eyes (five bilaterally), and a branch occlu- 
sion was seen in 77 eyes (six bilaterally). The number of 
eyes affected by central retinal vein occlusion was about 
equal to those affected by branch occlusion, similar to 
the findings of Foster Moore (1924) and Raitta (1965). 
The respective figures are 55 eyes with central and 48 
eyes with branch occlusion for 93 survivors, and 25 
eyes with central and 29 eyes with branch occlusion for 
the 5o who died. 


Address for reprints: K. Rubinstein, FRCS, Birmingham and 
Midland Eye Hospital, Church Street, Birmingham B3 2NS 
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There were 14 bilateral cases: in five patients the 
central vein was affected in both eyes, in six cases a 
branch was affected in each eye, but in three cases 
there was central vein occlusion in one eye and branch 
occlusion in the other (‘Table 1). This finding throws 
some doubt on the concept of a different pathogenesis of 
these two conditions. There was no case of isolated 
nasal branch occlusion. 


CLINICAL PICTURE 


All the patients presented with various grades of classical 
‘retinitis haemorrhagica', with haemorrhages, exudates, 
venous engorgement, and optic disc swelling. Arteriolar 
involvernent and vitreous haemorrhages were more 
frequent in the patients who died than in those who 
survived, and this may be of prognostic interest (Table 


IT). 
FOLLOW-UP 


The mean duration of follow-up for the series was 9°8 
years for the surviving group and 5-4 years for those 


Table I Bilateral involvement (14 patients) 
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Table I Initial fundus (special features) 
Survivors Percent- Dead Percent- 
(93) age (50) age 
Arteriolar involvement 1. 1:1 4 8 
Vitreous haemorrhage 2 2:2 4 8 





who died (range 2 weeks to 13 years) (Fig. 2). Of those 
patients who survived, 19 had their final assessment 
during 1971~73. The remainder were examined in 1974. 


MORBIDITY 


Of the 93 patients reviewed, 83 had no significant 
complaints about their general health during the follow- 
up. Seven patients had had non-fatal cerebrovascular 
episodes and three had myocardial ischaemia. Only 
three (2:1 per cent) of the total series of 143 patients 
were affected by diabetes; one of them had suffered 
from the disease for many years before the vein occlu- 
sion. 

It has been stated (Gubner, 1962) that 20 per cent 
of the adult population is hypertensive (that is, the 
diastolic pressure is 100 mm Hg and over). Of the 50 
patients who were now dead, 34 (68 per cent) were 
hypertensive on presentation, 19 (38 per cent) having 
diastolic pressures of more than 120 mm Hg. Even of 
the 93 patients who survived, 60 (64 per cent) were 
hypertensive, 17 (18 per cent) having a diastolic pres- 
sure of. more than 120 mm Hg (Fig. 3). 


MORTALITY 


Just under half of the patiente surveyed were found to 
have died (50); this mortality would be expected in the 
age group concerned (Registrar General's Statistics 
for England and Wales), but the causes of death are 
markedly different. Among 29 cases in which the cause 
of death was established, 23 (79:4 per cent) patients 
died of vascular disease and only six (20:6 per cent) of 
malignancy. 'lhis number of deaths from vascular 
disease—cerebral or cardiac—is abowit double the 
national figure and the number of deaths from malig- 
nant disease is proportionally lower (Table III). 


OCULAR CHANGES 


: Had i 
The final ophthalmoscopic fundus examination showed 
a variety of pathological changes, only 11 eyes showing 
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regression to normal (fluorescein angiography was not 
performed at the final review) (Table IV). The striking 
fnding was the high number of eyes affected by optic 
atrophy (39:8 per cent) and neovascularization of the 
optic disc (33:3 per cent) alone or accompanied by other 
fundus abnormalities. There was a high incidence of 
macular degeneration which could, however, be ex- 
pected. Significantly, 15 unilaterally affected patients 
showed a well-established hypertensive retinopathy in 
the fellow eye. 

Seven patients suffered from primary glaucoma: five 
were under treatment at the time of vein occlusion and 
two were diagnosed at the final re-examination having 
already developed glaucomatous cupping of the disc 


Table III Cause of death in 29 patients documented 














Cause Men Women Total 
Myocardial infarction 8 4 I2 
Cerebrovascular accident 3 5 8 
Generalized arteriosclerosis 1 I 2 
Renal disease o 1 I 
Malignant disease 2 4 6 
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Table IV Final fundus—gbnormal findings 


. (single or combined) aw ise 
V [d t Y * Ls Lk LS 
Normal, Me l d ET 
Optic disc atrophy 37 
Optic disc neovascularization 31 
Retinal neovascularization 21 
Vascular involution 8 
Retinal haemorrhage 8 
Macular degeneration 33 
Circinate retinopathy 2 
Vitreous haemorrhage II 


Retinal detachment I 
Glaucoma (primary binocular) 7 
Glaucoma (secondary uniocular) 4 
Diabetic retinopathy 3 
Excision of eye I 
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in both eyes. This contrasts oddly with two recent 
series: a 35 per cent incidence of glaucoma was reported 
by Raitta (1965) and 20 per cent waa estimated by Reed 
and Drance (1972). There were also only four cases of 
thrombotic glaucoma, one eye requiring excision, an 
incidence of 4:3 per cent as compared with 12 per cent 
reported by Vannas (1961), 10-30 per cent as reported 
by Becker and Schaffer (1961) and 20 per cent as re- 
ported by Raitta (1965). 


VISUAL ACUITY 


The pattern of final visual acuity shows a significant dip 
in the moderate range 6/18—6/36; only 23 eyes (22°5 
per cent) were in this range. 'l'wice as many eyes, 42 
(41:2 per cent) had 6/12 or better vision, and nearly 
twice as many eyes, 37 (36-3 per cent) had 6/60 vision 
or worse (Fig. 4). 

Such an ‘all or nothing’ response can be found as a 
result of random severe insult to the eye—for example, 
as a consequence of injury by intraocular foreign body 
(Rubinstein, 1954). We found no difference in visual 
prognosis for the central as opposed to branch vein 
occlusions. 


Conclusions 


Our comments regarding the specific questions 

posed at the beginning of this review are as follows: 

I. The life expectancy of patients with retinal 

venous occlusion is not shortened (when 

compared with statistics relating to similar 

age groups of population in the United 

Kingdom). When they die, however, the 

proportion of vascular cause of death— 
cardiac and cerebral-—is about double. 

2. The morbidity of patients affected by retinal 
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venous occlusion is low, normal for their 
age group. It is worth noting that only 
three patients were diabetics. Hypertension 
is a crucial problem, and considered relevant 
to the condition. 

3. The fundus shows finally, gross permanent 
changes in a high percentage of eyes; optic 
disc atrophy was found in two-fifths of 
patients, optic disc vascularization in one- 
third, and macular degeneration in one-third. 

4. The visual prognosis is unpredictable. It 
mainly depends on the degree of the involve- 
ment of the macula and on the length of 
time that the macula is in a state of oedema. 
Two-fifths of the patients retained good 
visual acuity, but two-fifths fared very badly. 
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Retinoblastoma occurring in four successive generations 


CLIVE MIGDAL* 


From the Department of Ophthalmology, St Bartholomew's Hospital, London 


The hereditary aspect of retirioblastoma, the most 
common intraocular tumour in childhood, has 
been well established (Frangois and van Leuven, 
1964; Vogel, 1967; Sorsby, 1972; Warburg, 1974). 

These tumours have been reported in up to 
three successive generations (Morgan and Bair, 
1968), but there is no proven evidence of retino- 
blastoma occurring in four successive generations. 

This report deals with a family in which retino- 
blastoma has been found in four generations, and 
it also emphasizes that an apparently unaffected 
individual can still transmit the affected gene to his 
offspring, who may, in turn, manifest the disease. 


Case reports 
CASE I 


(1/8, male, born 1891, the youngest of a large family, 
having five older brothers and two older sisters) 


'Tumours were discovered in the right eye at the age 
of 3 years, and in the left at the age of 44 years. Both 
eyes were subsequently enucleated at the Glasgow 
Royal Infirmary, and the lesions were diagnosed as 
‘retinal gliomata'. No further treatment: was necessary, 
and the patient is still alive and well and living in 
Scotland. Detailed inquiries revealed no history of 
similar disease among the grandparents, parents, 
siblings, or any other relatives. 


CASE 2 


(JIf1, male, born 1921, the eldest son of Case 1) 


At the age of 3 years, the left eye was noted to have 
'changed colour, taking on a 'blank' appearance. 
Examination revealed a white tumour projecting into 
the vitreous and the eye was enucleated. Three years 
later, after the discovery of a similar lesion, the right 
eye was also removed. No further treatment was given, 
and the patient has had no local or systemic recurrence. 


CASE 3 
(II/2, male, born 1923, the second son of Case 1) 

A tumour was discovered in the left eye on routine 
examination at the age of 6 years. The eye was subse- 
quently enucleated, histological investigation confirming 
the diagnosis of retinoblastoma. No further treatment 
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FIGURE Pedigree of family reported with retinoblastoma 
occurring in four successtoe generations 

Conventional symbols are used: squares indicate males; 

circles females 


was required. The right eye is unaffected, and the patient 
is still a keen and accurate pheasant shooter. 


CASE 4 
(III/1, male, born 1949, the elder son of Case 2) 


No eye disease was evident. The fundus was normal, 
with no evidence of retinal changes indicating spon- 
taneous regression of retinoblastoma; however, this 
man's child had bilateral retinoblastoma, see Case 7. 


CASE 5 
(JII]2, male, born 1955, the younger son of Case 2, 


and the younger brother of the previous case) 


At a routine check, a tumour was discovered in the 
left eye at the age of 34 months; the eye was then 
enucleated. Retinoblastoma was also discovered in the 
right eye at the age of 9 months; this was treated with 
radiotherapy. Follow-up examinations revealed no 
recurrence of the tumour in the right eye, while the 
left socket remained clear. Visual acuity in the right eye 
was normal. 


CASE 6 


(III/3, female, born 1954, the only child of Case 3) 


Tumours were noted in both eyes at the age of 1 year, 
and these were treated with radiotherapy. The tumour 
in the right eye responded well, but the tumour in 
the left, which was close to the optic nerve head, 
retrogressed, and the eye had to be enucleated. Histo- 
logical examination confirmed the presence of retino- 
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blastoma. A sequel to treatment has been the develop- 
ment of a minimal postirradiation cataract in the right 
eye. 


CASE 7 


(IV /1, female, born 1973, the only child of Case 4, 
himself not affected with retinoblastoma) 

Routine examination under general anaesthesia at 
the age of 1 year revealed the presence of bilateral 
retinoblastoma. The tumour tn the right eye was 3 mm 
in diameter, and situated just above the macula. The 
small tumour in the left eye was near the optic disc. 
The child was otherwise well. Both tumours were 
treated with the Xenon arc laser. At follow-up examina- 
tions during the course of 5 months until the time of 
writing, the tumours appeared inert, with no evidence 
of new primary tumours. The child will continue to be 
examined at regular intervals. 


Discussion 


This family with retinoblastoma is of interest 
because the tumour has occurred in four successive 
generations. 

Two forms of retinoblastoma are encountered, 
namely sporadic and familial. A brief résumé of 
the disease pattern of these tumours follows: 


Sporadic cases 


‘These are cases in which there is no family history 
of the disease. 

Sporadic cases may, in turn, be divided into 
somatic and germinal mutants. 


` jd 
Somatic mutants 
As the genetic abnormality is in the retina itself, 


the disease is not transmitted to the offspring. 
Only one eye is affected. 


References 


Germinal mutants 


The genetic abnormality lies in the germinal 
epithelial cells of the gonads of one parent (who is 
clinically normal), with the result that the mutation 
is passed on to the next generation by the gametes. 
The disease is usually bilateral. 

Knudson (1971) has put forward the hypothesis 
that retinoblastoma is a tumour caused by two 
mutational events. In the dominantly inherited 
form, one mutation is inherited via the germinal 
cells, and the second occurs in somatic cells. In 
the non-hereditary form, both mutations occur in 
somatic cells. 


Familial cases 


The familial group of cases exhibit autosomal 
dominant inheritance with incomplete penetrance 
(Francois and van Leuven, 1964). An affected 
individual has a 40-45 per cent chance of producing 
affected children (Warburg, 1974). Direct trans- 
mission is usual, but a generation may be skipped, 
while the disease occurs in collateral lines (Macklin, 
1959). 

In family groups, there is, in addition to pheno- 
typically affected members, a percentage of carriers. 
It should be noted that some carriers show evidence 
of spontaneous tumour regression, while others 
(as in the reported family), do not. 


Summary 


Retinoblastoma occurring in four successive gener- 
ations 1s described, followed by a brief discussion 
on the mode of inheritance of these tumours. 
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encouragement and support, and for his permission to 
publish particulars of these cases. 


FRANÇOIS, J., and VAN LEUVEN, M. T. M. (1964) In ‘Ocular and Adnexal Tumors’, ed. M. Boniuk, p. 123. Mosby, 


St Louis 


KNUDSON, A. G. (1971) Proc. nat. Acad. Sci. (Wash.), 68, 820 


MACKLIN, M. T. (1959) Arch. Ophthal., 62, 842 


MORGAN, 8. 8., and BAIR, H. L. (1968) Amer. ff. Ophthal., 65, 43 


SORSBY, A. (1972) Brit. med. f., a, 580 


VOGEL, F. (1967) In ‘Modern Trends in Ophthalmology’, 4, ed. A. Sorsby, p. 34. Butterworths, London 
WARBURG, M. (1974) In “Genetic and Metabolic Eye Disease’, ed. M. F. Goldberg, p. 447. Little, Brown, Boston 


Brit. Y. Ophthal. (1976) 60, 153 


A method of artificial eye manufacture 


HELENE JAMES, JEAN R. ELLIS, ann WALLACE S. FOULDS 
From the Tennent Institute of Ophthalmology, Untvuersity of Glasgow, and 


Glasgow Eye Infirmary 


In most hospitals in the United Kingdom and in 
many other countries, the provision of an artificial 
eye depends upon an exchange of information 
between an artificial eye fitter and an artificial eye 
manufacturer who may be situated some distance 
away and who, in most instances, does not see the 
patient. The centralization of manufacturing facili- 
ties may have some advantages and while, in general, 
the transfer of information between fitter and 
manufacturer results in an adequate prosthesis, 
there are inherent difficulties not only in the 
accurate interpretation of the fitter’s instructions 
but also in relation to the commonly used methods 
of manufacture. Because of these difficulties, a 
modified method for the production of artificial 
eyes has been developed in Glasgow by one of us 
(HJ) and it is thought that the results obtained by 
this method justify its being more widely known. 

The information transmitted to the manufacturer 
by a fitter will usually include a wax model of the 
prosthesis into which a plastic disc has been set to 
indicate the position of the iris and pupil (Fig. 1), 
together with written instructions about the colour 
and texture of the iris, the colour of the sclera, and 
the presence and pattern of vascular markings and 
other discolourations. 

The main bulk of the artificial eye is manufac- 
tured to conform with the wax model. A circular 
hole is drilled into its anterior surface to take a 
painted plastic disc representing the iris and subse- 
quently a clear acrylic cornea is added anteriorly 
(lensing) after the addition of vascular and other 
markings to the sclera. 

The problems with this method are first, that 
the manufacturers are at a great disadvantage in 
never having seen the patient for whom the eye is 
being prepared. 'T'hey'must rely upon the interpre- 
tation of possibly ambiguous instructions, for quali- 
tative information about the patient's normal eye 
is difficult to convey in writing. It is upon a combi- 
nation of many small details that the appearance of 
an artificial eye depends and a perfect colour match 
of the iris, for example, can be spoiled completely 
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FIG. 1 Wax model of 
prosthesis used tn 
conventional artificial 
eye manufacture with 
embedded plastic disc 
which marks position 
of tris. Central 
protrusion indicates 
position of pupil 


by too much or too little in the way of vascular 
markings on the related sclera. 

The second problem with the usual method of 
manufacture is a possible inaccuracy in the 
position of the iris resulting from difficulty in 
placing the plastic former accurately on the wax 
model. The small central protrusion upon the 
plastic former which marks the position of the 
pupil may on occasion foul the upper lid margin 
making accurate centration difficult (Fig. 2). A 
further inaccuracy may result from slight errors 
in boring into the half-made prosthesis. An iris 
misplaced because of this, needs only to be a little 





FIG. 2. Conventional wax model in situ. Central 
protrusion may foul upper lid making centration 
difficult 
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FIG. 3 Diagram to illustrate how slight eccentricity 
tn drilling bed 1n prosthesis for insertion of tris disc 
may alter the ‘gaze’ of artificial eye and necessitate 
major modification of prosthesis 


out of true to require major alteration to the shape 
of the artificial eye to rectify it (Fig. 3). 

In an attempt to circumvent these problems, it 
was decided to have the artificial eye fitter not only 
to fit the prosthesis but to manufacture it as well. 
As most of the materials and techniques used in the 
manufacture of artificial eyes originate in dentistry, 
it was decided to adapt the method whereby 
the bulk of the dentures is added to the teeth, and 
to try to add the sclera to the iris rather than vice 
versa. Thus the iris is painted with direct reference 
to the colour and pattern of the remaining eye and 
the painted iris disc is ‘lensed’ with its clear acrylic 
cornea in a specially constructed flask (Fig. 4) as 
the first stage in the production of the prosthesis. 
A mould of the patient’s socket is taken in the 
conventional manner and a wax model of the mould 
prepared. The combined iris and cornea is then 
inserted into this wax model in place of the con- 
ventional plastic disc used to achieve centration of 
the pupil and iris, and the position of the iris is 
modified until it is satisfactory. 





4 
cm 
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FIG. 4 Special flask used to ‘lens’ previously painted 
iris discs. Discs themselves are prepared using same 
flask substituting flat surfaced base for base with 
corneal indents illustrated 


A small blob or projection of rapidly polymerizing 
acrylic is added to the apex of the cornea before the 
wax model with its embedded iris and cornea is 
inserted into wet plaster-of-Paris in a compress 
flask. When the plaster has set, the wax is carefully 
removed leaving the painted iris and cornea held 
in place by the added projection which is gripped 
by the plaster (Fig. 5). 

The space in the mould previously occupied 
by the wax is filled with monomer and catylist 
mixed to match the colour of the fellow sclera and 
the prosthesis ig then heat cured. 

The artificial eye complete with iris and cornea 
is taken from the flask and the projection removed 
from the cornea. A thin layer of acrylic, mixed 
to the required sclerotic shade, is spread over the 
cornea and heat cured. By carefully sandpapering 
this layer one can reproduce the gentle merging 





Pointed iris and cornea retained in position by acrylic pip 


FIG. 5 Diagram of compress flask after removal of wax 
which forms most of prosthesis. Final tris and cornea are 
retained tn mould by temporary projection of acrylic 
applied to cornea 


of the cornea with the sclera at the limbus seen in 
the normal eye and eliminate the harsh outline of 
the limbus which mars so many prostheses. Other 
effects, such as an arcus senilis or some degree of 
lens opacity, can also be reproduced at this stage 
by appropriate removal of the acrylic layer which 
has been applied over the cornea. 

When the appearance of the iris and cornea has 
been modified to match the patient’s remaining eye, 
the scleral surface is reduced by 1-2 mm, and 
vascular markings and stains on the sclera are 
added to match those of the fellow eye. At this 
stage the fitter who suspects that further adjust- 
ment to the anterior surface of the prosthesis might 
be required after a short period of wear, can remove 
a thicker layer of acrylic from the critical positions; 
thus alteration to the anterior surface of the finished 
prosthesis, if required, will not remove any of the 
vascular markings. 


^ 
af 


v 


The layer of sclera thus removed is replaced by 
a mixture of clear acrylic resin which is polymerized 
and the eye is then finished by polishing. 

In certain cases, for example in patients with 
microphthalmic eyes, the impression of the socket 
is translated directly into an acrylic trial shell in the 
manner of a contact lens fitting. The patient wears 
this for a week to establish the comfort and accuracy 
of the fit, and then sufficient acrylic is removed 
from the anterior surface of the trial shell to enable 
& painted iris and cornea to be affixed with wax. 
The appearance of the eye is then checked in the 
patient's socket. Any necessary modifications to the 
anterior planes of the prosthesis are executed by 
the addition of wax or the removal of acrylic. The 
manufacture then proceeds in the usual manner, 
with the exception that the wax surrounding the 
painted iris and cornea is softened by pouring hot 
water on to the trial shell to enable it to be removed 
from the compress flask, leaving the iris and cornea 
in position in the mould. 

The advantages of using this method are that 
the iris colour can be checked by the fitter/maker 
and also by the patient at an early stage of manu- 


. facture. As in all cosmetic effects, personal taste 


enters into the satisfaction. of the wearer and, 
curiously, some patients prefer their artificial eye 
to be slightly darker, some slightly lighter, than 
their own. By inserting the painted iris into the 
wax model, the patient'can have a much closer 
impression of what the finished eye will look like. 
It is impossible to obtain the patient's reaction to 
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FIG. 6 A satisfactory prosthesis 


the appearance of the prosthesis at the fitting stage, 
when alterations are most easily made, if the con- 
ventional blank plastic disc is used in place of the 
iris. 

When the fitter paints and makes the eye, close 
attention can be paid to the small details which 
contribute so largely to the final effect, and care 
can be taken that the vital planes and curves of the 
shape are not lost by over enthusiastic polishing 
at the final stage. Certainly the fitter who also makes 
the eye must have artistic skill and a good colour 
sense, and he must take total responsibility for the 
final product. This, however, adds considerably to 
the satisfaction both from the patient's and fitter's 
point of view when a successful fitting is achieved 


(Fig. 6). 


We wish to acknowledge the help of Mr W. Jones, 
Instrument Technician in the Tennent Institute of 
Ophthalmology, in relation to the manufacture of the 
metal flasks. We should also like to thank Mr J. Watt, 
Chief Technician, and his staff for the photography. 
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Book reviews 


Eye Muscle Problems in Childhood. A Manual 
for Parents. By C. E. WiNpson and J. Hurrrt. 
2nd ed. 1974. Pp. 48, 18 figs. Mosby, St Louis; 
Kimpton, London (8op) 


'This book provides a concise and factual account of the 
problems which beset disorders of ocular motility, 
particularly those developing in early childhood. It is 
designed for the guidance of the parents of such children, 
and represents a revision and condensation of the 
monograph Strabismus in Childhood by Herbert M. 
Katzin and Geraldine Wilson which appeared in 1968 
and which was based on the book Rehabilitation of the 
Child's Eyes by Richard Scobee. 

The book deals with the mechanisms which are 
concerned in the development of normal binocular 
function and with the defects which are liable to 
interfere with this process so that there is the production 
of a squint. This sequence provides a ready explanation 
for the various motor and sensory disorders which form 
part of the squint and also a basis for the methods of 
treatment which are adopted to secure a satisfactory 
functional result. It is almost tedious to find fault 
with the text which is largely uncontroversial and repre- 
sents an up-to-date approach to the whole subject, but 
it is marred by the statement that the retina becomes 
fully developed and sensitive enough to register focused 
images only between the ages of 2 and 3 years and also 
by the statement that the lack of development of an 
infant's eyes accounts for the type of convergent squint 
which usually disappears within the first 8 months. 
Surely these remarks belong to a bygone age, and in 
any event are refuted in other parts of the text which 
stress the need for an early assessment in all cases of 
suspected squint. KENNETH WYBAR 


The Eye and Systemic Disease. Edited by 
A. MAUSOLF. 1975. Pp. 450, figs, tables, refs. 
Mosby, St Louis; Kimpton, London (£21-75) 


This publication presents a series of papers given at a 
eymposium organized by the Department of Ophthal- 
mology, Iowa City 1974. In 400 pages the major fields 
of medical ophthalmology are extensively and refresh- 
ingly covered. Each subject under discussion combined 
papers by a physician and an ophthalmologist, both of 
whom were accredited experts in their chosen fields. 
'The expertise collected in this way provided interesting 
discussion periods which are fully reported. These 
factors serve to make this book one of the most authori- 
tative books on the eye and systemic disease. 
Hereditary metabolic diseases were discussed by 
Fredrickson whose contributions to this subject are 
already well known, and his ophthalmological partner 
Podos provided a comprehensive review of the ocular 
signs to make this a powerful opening for the sympo- 
sium. An interesting paper by Ditzel from Denmark 


discussed disordered oxygen transport by the red cell 
in diabetics with assessment of a:3—DPG (2 3—diphos- 
phoglyreate), and this was paired by an interesting review 
of the ocular signs by Henkind. Almost a quarter of 
this book is devoted to dermatology and the eye, with 
extensive systemic (Perry) and ophthalmic (Bietti) 
coverage. Other topics. discussed include collagen 
diseases and the eye (Kearns), vascular disease (Cogan), 
gastrointestinal disease (Knox), endocrine disease 
(Dardenne), blood and reticulo-endothelial disease 
(Luxembourg), and nutritional disease (Halasa). 

The book is beautifully produced, well edited, and 
contains a most extensive bibliography. It seems a 
necessary purchase for any ophthalmologist concerned 
with the wider implications of ophthalmic diagnosis 
and treatment. M. D. SANDERS 


Helfer des Augenarztes (The Ophthalmolo- 
gists Assistant). By KARL VELHAGEN. 1974. 
Pp. 287, 136 figs, 11 tables, refs. Thieme, Leipzig 
(DMa43:20) 


As the title suggests this is a book not so much for the 
ophthalmologist but for his assistant. It deals with the 
large variety of tests and procedures that are linked with 
routine ophthalmic practice. There are chapters on 
anatomy, basic physiology and optics, but the major 
part of the book is concerned with the carrying out of 
single diagnostic techniques and nursing procedures. 
'The ophthalmic assistant in most Continental countries 
fills the role of receptionist, nursing sister, technician, 
and secretary and this book is intended as a working 
manual and vade-mecum. 

Unfortunately this type of ophthalmic assistant 
rarely exists in England but this volume, if it were 
translated, would be an excellent addition to nurses' 
libraries, and to the practica] manuals found in ophthal- 
mic outpatients and casualty departments. | 

T. J. FFYTCHE 


Ocular Manifestations of Inborn Errors of 
Carbohydrate and Lipid Metabolism (Biblio- 
theca Ophthalmologica No. 84). Edited by J. 
FRANGOIS. 1975. Pp. 175, 85 figs, 3 tables, refs. 
Karger, Basel (DM74) 


It is a pleasure to see this brief, and excellent monograph 
by one of Europe's most prolific contributors. The 
subject is one of increasing complexity as biochemical 
and histological studies continue to define subgroups of 
the previously well defined clinical syndromes. 

The book is divided into three sections on: carbohy- 
drate metabolism, lipid metabolism, and the mucolipi- 
doses. 

Reference is made only to those disorders that involve 
the visual system, and in particular, the sensory system. 


The text is clear and amplified by numerous illustrations 
but the bibliography, although considerable, lacks 
many important recent references. The English is 
excellent although terms such as dysoric retinopathy 
(page 87) might elude the most knowledgeable reader. 
This book obviously suffers from certain disadvant- 
ages when an ophthalmologist enters such a complex 
and changing field. There is thus confusion between 
Batten-Mayou disease and juvenile GM, gangliosidosis, 
and-the complex subject of Niemann-Pick disease 
could be clarified. The author states that the enzymatic 
defect of Farber's disease is not known although it was 
described in 1972. 

However, the condensation of information into 173 
pages is appealing, and this book is strongly recom- 
mended for ophthalmologists as a practical way to keep 
abreast of this exciting field. M. D. SANDERS 


Ocular Pharmacology. By W. H. .HAVENER. 
1974. 3rd ed. Pp. 715, figs, tables, refs. Mosby, 
St Louis; Kimpton, London (£1830) 


This book is drug orientated. Three-quarters of it is 
devoted to basic pharmacology and the wider use of 
drugs in ophthalmology. In the remainder current 
therapy is considered primarily in connection with 
cataract and glaucoma. 

The book is essentially on applied physiology and 
pharmacology and written by a clinician for clinicians, 
Most aspects are covered fairly comprehensively with 
extended chapters on antibiotics, autonomic drugs, and 
steroids. 

In an early general section emphasis is placed on 
avoiding unnecessary, useless, and wasteful prescrip- 
tions and the possibility of serious side-effects of drugs. 
We are reminded that among contraindications for the 
use of a drug is often the lack of its specific indication. 

'The author has a pleasing style and does not hesitate 
to add his own views. From time to time a point is 
reinforced with an interesting or amusing anecdote. 

D. GREAVES 


Symposium on Ocular Therapy, Vol. 7. Edited 
by I. H. LEoroLD. 1974. Pp. 134, tables, figs, refs. 
Mosby, St Louis; Kimpton, London (10:20) 


The contents of this book are not quite what would be 
expected from the title, as the account is more on the 
complications of drugs than their beneficial effects, but 
this adds to rather than detracts from the usefulness of 
the volume. 

It is estimated that 2 to 3 per cent of all congenital 
malformations are induced by drugs or environmental 
chemicals, and the first chapter contains a comprehensive 
review of the ocular lesions induced by drugs taken during 
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pregnancy. The problems arising from drug interactions 
and individual susceptibility are next briefly discussed, 
and these chapters are followed by a long discussion of 
the diagnosis, pathogenesis, surgical and medical treat- 
ment of neovascular glaucoma. In spite of the many 
procedures suggested, the prognosis for vision is very 
poor and the best that can be done is to relieve pain. 
Vitreous haemorrhage is not amenable to any medical 
treatment, and a critical analysis of the results of cortico- 
steroid therapy in acute optic neuritis concludes that it is 
of no benefit. The final chapters contain a brief discus- 
sion on prostaglandins and the eye, and the use of aspirin 
and other prostaglandin synthetase inhibitors in ophthal- 
mology, and a brief review of drug-induced retinopathies. 
Although the reader will find no magic drug to en- 
hance his therapeutic potential, he will at least be warned 
of the dangers inherent in the use of drugs and be more 
aware of their toxic effects. E. 8. PERKINS 


Ultrasonography in Ophthalmology (Proceed- 
ings of the Fifth Congress of the International 
Society for Ultrasonic Diagnostics in Ophthal- 
mology, Ghent, 30 May, 1973). Edited by J. 
Francois and F. Goss. 1974. Pp. 340, 66 tables, 
172 figs, refs. Karger, Basel (£,25:60) 


The reports have been split into four sections dealing 
in turn with techniques, intraocular and orbital diagnosis, 
and oculometry. 

In a series of communications, scanning was shown 
to be a useful tool in the diagnosis of vitreous haemor- 
rhage and in excluding or confirming any underlying 
cause such as tumour or detachment. Similarly, scans 
may help to differentiate a solid from a fluid or simple 
detachment. Articles on intraocular foreign body and 
tumour localization by scanning, and evidence deduced 
concerning optic nerve and orbital pathology could be 
of assistance to the surgeon. The possibility of tissue 
differentiation and ultrasonic velocity change, as seen in 
cataract, was being explored experimentally as well as. 
from the research point of view. Oculometry was used 
for measuring anterior chamber depth, eyeball length 
in myopia and the calculation of dioptric power for 
acrylic lens implants after cataract extraction. The last 
paper showed that the method had been helpful in 
noting changes in lens and anterior chamber size with 
the use of drugs. 

This book is a useful addition to the literature on 
ultrasonics and follows as a natural companion to the 
report of the previous congress. The many diagrams 
and figures allow the book to be easily read and under- 
stood by the beginner. It will be a handy reference book 
for workers in the field and is to be recommended. 

G. V. CATFORD 
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Correspondence 


Pathogenesis of cupping of the optic disc 


TO THE EDITOR British Journal of Ophthalmology 


SIR, Professor Hayreh has performed a great service in 
reiterating the ischaemic nature of optic disc cupping 
and of the particular susceptibility of the prelaminar 
tissue and peripapillary choroid to imbalance between 
the intraocular pressure and local perfusion pressure 
(Hayreh, 19742). I would disagree with him, however, 
that the atrophic cupping seen after temporal arteritis 
is ‘identical in all aspects’ to that seen in glaucoma and 
low-tension glaucoma. Since the occurrence of cupping 
in temporal arteritis was first brought to my notice 
at the Oxford Congress in 1972 (Miller, 1972) I have 
been looking at my cases for this and have, indeed, 
found cupping not infrequently. I assume that Professor 
Hayreh is referring to the clinical appearance of the 
discs and not to other clinical details such as the com- 
plete loss of vision or gross altitudinal loss in the one 
compared to the usual presence of good vision, apart 
from typical scotomata, in the other. No one is likely to 
confuse them clinically and it may be on this account, 
as well as its rather tardy development in many cases, 
that its occurrence in temporal arteritis has previously 
been practically overlooked. But there are some differ- 
ences in ophthalmoscopic appearance, especially before 
the intraocular pressure has been normalized. The 
glaucomatous cup is of a darker grey especially where it 


Pathogenesis of cupping of the optic disc 


TO THE EDITOR British Journal of Ophthalmology 


sir, I should like to thank Mr John Primrose for con- 
firming the occurrence of cupping of the optic disc in 
temporal arteritis, not only found by me but also re- 
ported by Mr S. J. H. Miller in his Doyne Memorial 
Lecture at the Oxford Congress in 1972. However, I 
disagree with Mr Primrose in his other statements. The 
clinical ophthalmoscopic appearance of the optic disc 
cupping seen in temporal arteritis is very similar to that 
seen in chronic simple glaucoma and low-tension 
glaucoma with cupping usually maximal in the tem- 
poral part of the optic disc and with nasal displacement 
of the main retinal vessels. This is evident from Fig. ad 
(Hayreh, 1974) and Mr Miller agreed with me in the 
observation. I feel the degree of greyness mentioned 
by Mr Primrose is irrelevant and of no practical signifi- 
cance because there is a considerable variation in the 
greyness seen in different discs in both glaucoma and 
temporal arteritis. He has made no mention of the exact 
incidence of ‘darker grey’, or ‘paler grey’ (both of which 
descriptions are subjective) or of the absence of greyness 
in optic disc cupping in glaucoma and, it seems, that he 
has made his statement purely on so-called ‘clinical 
impressions’ derived from routine ophthalmoscopy 
which a scientific study might reveal to be without 
statistical significance. In my studies I personally 
photographed on Kodachrome II colour films with a 
stereoscopic fundus camera the optic discs of every patient 
with temporal arteritis, and my observations were based 
on stereoscopic examination of these discs at a standard 
illumination; this method provides a considerable 
amount of information which. is not usually obtained 


reaches to the edge of the disc, which it usually does 
only in parts (above and below), except in cases where it 
is very advanced and there are other signs such as 
displacement of vessels against the nasal wall of the 
cup. In early cases there may also be fullness of veins. 
The cupping I have seen in temporal arteritis, and only 
in about half of my cases, is of a paler grey, reaching the 
edge all round unless a sector of field is spared without 
any particular displacement of vessels, and with a 
general attenuation of vessels. It is what is called 
‘atrophic cupping’ and this is a useful term to distin- 
guish it from glaucomatous cupping. 

I had hoped Hayreh, 1974b, might elucidate these 
points, and also that the paper would give the incidence 
of cupping. However, the table and figure were the 
same in both papers, and one cannot elucidate the 
incidence as there were 13 eyes, some bilateral, out of 
25 cases. Please could he put the record straight. 

Yours faithfully, 
Regional Eye Centre, JOHN PRIMROSE 
Oldchurch Hospital, 
Romford, Essex 
References 
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by routine ophthalmoscopy with variable illumination. 

I feel Mr Primrose’s concept of ‘atrophic cupping’ is 
not what is classically known in ophthalmology. As is 
well known, this is seen in marked optic atrophy and 
consists of a very shallow saucer-shaped or flat depres- 
sion (not a cup) involving the optic disc, without any 
steep edges or nasal displacement of the main retinal 
vessels. Histopathologically, in ‘atrophic cupping’ there 
is a destruction of nerve fibres only, without any loss 
of glial cells; whereas in glaucomatous cupping (and also 
in temporal arteritis) there is ischaemic destruction of 
both the nerve fibres and the glial cells in the prelaminar 
part of the disc. Thus to describe cupping of the optic 
disc in temporal arteritis as ‘atrophic cupping’ would 
not only be erroneous but also misleading. 

I have given the incidence of optic disc cupping in the 
table mentioned by Mr Primrose. The incidence per- 
tains to the number of eyes in my series and not the 
cases; I feel the latter is irrelevant as we are interested in 
finding the incidence of the cupping in the eyes affected 
by temporal arteritis and not in the cases, since every 
patient with temporal arteritis does not have both eyes 
involved and sometimes no ocular involvement at all. 
Thus any mention of incidence of cupping of the disc 
in patients would be misleading. 


Yours faithfully, 
'The University of Iowa SOHAN 8. HAYREH 
Department Ophthalmology, 
Iowa City, 
Iowa, USA 
Reference 
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Anterior ischaemic optic neuropathy 


TO THE EDITOR British Journal of Ophthalmology, 


sin, I should like to thank Dr Sohan Singh Hayreh for 
calling attention to my annual review of neuro-ophthal- 
mology (Lessell, 1974). In it the reader will find that I 
devoted a paragraph to several of Dr Hayreh's many 
excellent studies on anterior ischaemic optic neuropathy 
(AION) (Hayreh, 1974). Dr Hayreh cavils at my com- 
ment that there are obvious differences between spon- 
taneous human AION and the AION that is produced in 
monkeys. Regardiess of whether or not I was correct 
in my observation, these differences are only of secondary 
importance and do not detract from Dr Hayreh’s con- 
vincing demonstration of the central role of the posterior 
ciliary arteries in the pathogenesis of AION. Dr Hayreh 
also accuses me of making a misleading and dangerous 
statement concerning the differential diagnosis of optic 
atrophy. However, I neither stated nor implied that 
metastatic tumour was a more common cause of optic 
atrophy than AION. What I wanted to convey was that 


Notes 


Pan-Hellenic Ophthalmological Congress 


Thessaloniki, 28 to 30 May 1976 


The ninth congress will be held in "Thessaloniki, 
Greece. The subjects will be: Steroids and antibiotics 
in ophthalmology, Surgery of the lids, and Iatrogenic 
eye diseases. 


Canadian Ophthalmological Society 


Quebec City, 6 to 9 June 1976 


The 39th annual meeting will be held at the Quebec 
Hilton Hotel under the theme 'Medical aspects of the 
retina'. 

Dr Pierre Almaric of Albi, France, and Dr H. Mac- 
kenzie Freeman of the Retina Association in Boston 
will be this year's special guests; they will present 
papers to the various scientific sessions. 


The Eldridge-Green Lecture 
London, 10 fune 1976 


'The Eldridge-Green Lecture entitled "I'he biological 
significance of optical illusions’ will be delivered under 
the auspices of the Royal College of Surgeons of England 
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if you observe a patient throughout the course of his 
illness (including the acute phase) and at no time is 
optic disc oedema observed, you should be dubious of the 
diagnosis of AION. 

Dr Hayreh and I probably hold very similar views on 
AION. Perhaps this letter will make that apparent. In 
any case, a reading of my review (Lessell, 1974) and 
the relevant papers of Dr Hayreh (Hayreh, 1974) 
should show that there is no foundation for serious 
controversy. Yours faithfully, 

SIMMONS LESSELL 
Boston University School of Medicine, 
8o East Concord Street, 
Boston, 
Massachusetts, USA 
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There will be simultaneous translations in English 
and French. 

For further information write to the Ophthalmo- 
logical Society of North Greece, PO Box 497, Thessalo- 
niki, Greece. 


Two half days will be devoted to discussions on the 
prevention of blindness, cataract, uvea, and surgical 
aspects of the retina. Research sessions will be held on 
Sunday, June 6, in the afternoon. 

For further information write to the Canadian 
Ophthalmological Society, PO Box 8650, Ottawa, 
Ontario, KiG OG8, Canada. 


by Professor R. A. Weale at 3 pm, at the Institute of 
Ophthalmology, Cayton Street (adjacent to Moorfields 
Hospital, City Road), London. Tickets are not required. 
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International Symposium of Fundus Fluorography and Photocoagulation 


Scotland, 17 to 21 October 1976 


The second symposium will be held at Gleneagles 
Hotel, Perthshire. 
For further information write to Mrs Allene M. 


International Conference on Myopia 
Yokohama, Japan, 10 to 12 May 1978 


'The main theme of the second conference will be 
acquired myopia and related problems. 
For further information write to Tikasi Sato, MD, 


Announcement 


Retinitis Pigmentosa Foundation 


The Retinitis Pigmentosa Foundation plans to take 
part in the establishment of one or more additional 
centres for the study of retinitis pigmentosa and of 
allied retinal degenerations. To that purpose the foun- 
dation will entertain centre or programme grant pro- 
posals for research support. In general, programmes 
should be directed towards a basic understanding of 
the gene defect or defects responsible for one or more 


Obituary 


Hamilton Hartridge, MD, FRS 


Hamilton Hartridge, Emeritus Professor in the Uni- 
versity of London, died on 13 January 1976, aged 89 
years. Ín more than one sense he was a colourful person- 
ality and made several significant contributions to 
physiology in general and sensory physiology in particu- 
lar. His studies in visual physiology, for which he was 
largely known to an earlier generation, covered several 
fields. He was among the first to introduce physical 
principles to the analysis of visual acuity, and crucially 
demonstrated the role of the ciliary muscle in accommo- 
dation. Having relinquished the chair in physiology at 
St Bartholomew's Hospital - which he held from 1927 


Gearce, Conference Secretary, Department of Ophthal- 
mology, Ninewells Hospital and Medical School, 
Dundee DD2 1 UB. 


Sato Eye Clinic, Onoe-cho 6-90, Naka-ku, Yokohama, 
Japan (Zip Code 231). 


types of hereditary retinal degeneration, or towards the 
acquisition of information on basic retinal function 
that is prerequisite to such an understanding. A detailed 
letter of announcement concerning this programme is 
available. Inquiries should be directed to Dennis 
Hartenstine, Executive Director Retinitis Pigmentosa 
Foundation, Rolling Park Building, 8331 Mindale 
Circle, Baltimore, Maryland 21207, USA. 


to 1947 — he came to the newly formed Institute of 
Ophthalmology as Director of the Vision Research Unit 
of the Medical Research Council. The Unit had been set 
up to give Hartridge a chance to test the polychromatic 
theory of colour vision which he had promulgated with 
few real experiments but many publications, including 
a special volume of the Philosophical Transactions of the 
Royal Society. From this point of view, the venture was 
a predictable disaster. Nevertheless, it was from that 
Unit that stemmed studies which gave the Institute such 
a standing in visual physiology as it may possess today. 
For better or for worse, this will be Hartridge's memorial. 
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New Merocd Sterile Sponge... 


ical 
Bet Spears 


Non-inflammatory to delicate tissues 
Absorbs quickly 

Very soft yet strong 

No lint and debris to contaminate wound 
Disposable yet economical 









A unique polymerized synthetic sponge that absorbs 
approximately 25 times its weight in fluids, expanding 
up to 10 times its actual size. Capillary wicking 
action allows fluids to permeate the entire sponge 
before expansion begins. Resilient and non-abrasive 
to delicate tissues, but extremely tough and resistant 
to any fraying, hard clamping or the most intense 
rubbing action. 
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S-3584-A Eye Sponge, Pkg. of 10... u— 1.20 
S-3584-B Eye Sponge, Box ot 100.. $11.00 
S-3584-C Eye Sponge. Case of 1000 $97.50 


SIOTZ 


STORZ INSTRUMENT COMPANY 3365 Tree Court Industrial Blvd., St. Louis, Mo. 63122 





*Patent Pending 
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TRANSACTIONS 

of the 

OPHTHALMOLOGICAL SOCIETIES 
OF THE UNITED KINGDOM 


Transactions of the Ophthalmological Societies of the United 
Kingdom, published since 1880 in a single volume, is now 
published in four separate parts as follows: 


I The Annual Congress of the O.S.U.K. (held in April, published 
in the Autumn) 


If The Oxford Congress (held in July, published in the Winter) 


HI The Cambridge Symposium on ‘The Eye in Connective Tissue 
Disease' held in September, published in the following Spring) 


IV Papers from the Irish, Scottish and and provincial societies, 
Reports from affiliated organizations throughout the world, 
and the Annual Index (published in the Summer) 


Volume price (4 parts): Inland £18:00; Overseas £20-00 (U.S.A, $49.00) 
Parts may be purchased separately. Price: Inland £600; Overseas £6:50 (U.S.A. $16:20) 


The first part of Volume 95 was published Autumn 1975 


ORDER YOUR SUBSCRIPTION FROM: 


The Subscription Manager, 
Professional & Scientific Publications, B. M.A. House, 
Tavistock Square, London WCIH 9JR 
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Keeler / Amoils Cryosurgery 
New Cryo Pencils 


For Lens Extraction 


Cataract Pencils, Straight and 
Curved, are now available with 
1mm Ó tips. This } reduction in 
diameter permits better 
visualisation during lens 
extraction. 


Both new pencils reach — 40? C., 
and both may be used with any 
existing electrically-operated 
Amoils Control Unit. 


There are similar pencils for use 
with the non-electric ACU 20. 


For Retinal Work 


The new Machemer-Bietti retinal 
cryo probe features a rectangular 
plate 6 X 3mm that freezes to 


- 60° C. over its entire surface. 
Where large detachment areas 
are encountered, use of this 
probe can avoid the necessity for 
numerous cryo applications with 
the standard retinal pencil. The 
saving in time and tedium can be 
significant. 

The Machemer-Bietti cryo 
probe, which has temperature 
indications, may be used with 
either the original ACU-1 or the 
current ACU-12 Control Unit. 
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NOTICE TO CONTRIBUTORS 


Communications Papers, which will be accepted on the understanding that they have not been 
and will not be published elsewhere and are subject to editorial revision, and books for review, 
should be addressed to the Editor, British Journal of Ophthalmology, Institute of Ophthalmology, 
Judd Street, London WC1H 9Q8S. 

The author should make adequate reference to previous work on his subject, and provide a full 
summary of his observations and conclusions. 

Articles must be typewritten on one side of the paper only, in double spacing with ample margins. 
Only recognized abbreviations should be used. Authors are asked to submit two copies of the text 
and references. 


Illustrations These should be marked on the back with the author's name and the top edge 
indicated. The author is advised to send prints of x-ray films which bring out the exact points to 
be illustrated. Photographs should be printed on glossy paper, and should be a little larger than 
the size desired for reproduction. The magnification of photomicrographs should be given. Graphs, 
charts, and tables should be presented on separate sheets apart from the text. Except letters and 
numbers, which should be lightly written in pencil, diagrams should be drawn in black ink on 
white paper. Glossy prints of diagrams should not be submitted. 


References In the text, the year of publication must follow the author's name, more than one 
paper by the same author in any one year being indicated by a letter (a, b, c) after the date. 
References should not be numbered or given in footnotes, but should be listed at the end in alpha- 
betical order of authors! names, as follows: Author's name and initials, year of publication (in 
parentheses), title of periodical (in italics, abbreviated as in World Medical Periodicals, 4th ed, 
1968, BMA), volume number (bold type, Arabic) and first page number (ordinary type, Arabic), 
thus: 

Cowan, J. (1929) Quart. ¥. Med., 22, 237. 

For books the authors’ names and initials, year (in parentheses), full title (in inverted commas), 
edition, and page number, publisher, and place of publication should be given in that order. 

References will not be checked by the editorial office; responsibility for the accuracy and com- 
pleteness of references lies with the author. 


Proofs Contributors will receive oNE proof, and should read it carefully for printers’ errors, and 
check the tables, figures, legends, and any numerical mathematical, or other scientific expressions. 
Alterations to the original text should be kept to a minimum. 


Reprints Twenty-five reprints will be supplied free of charge. A limited number of additional 
reprints may be ordered from the Publishing Manager when proofs are returned. 


Copyright © 1976 by the British Journal of Ophthalmology. This publication is copyright under 
the Berne Convention and the International Copyright Convention. All rights reserved. Apart 
from any relaxations permitted under national copyright laws, no part of this publication may be 
reproduced, stored in a retrieval system or transmitted in any form or by any means without the 
prior permission of the copyright owners. Permission is not, however, required to copy abstracts of 
papers or of articles on condition that a full reference to the source is shown. Multiple copying of 
the contents of the publication without permission is always illegal. 


NOTICE TO ADVERTISERS 


Applications for advertisement space and for rates should be addressed to the Advertisement 
Manager, British Journal of Ophthalmology, BMA House, Tavistock Square, London WC1H oJR. 


NOTICE TO SUBSCRIBERS 


Annual subscription rates including postage by surface mail are £24'00 in the United Kingdom 
and the Republic of Ireland, and £27-00 (USA $65:50) in all countries overseas. 

Payment for overseas subscriptions should be made in sterling, i.e. £27:00, and sent by Mail 
Transfer (Charges Remitter) through a bank, payable to the British Medical Association. Orders 
can also be placed locally through any leading subscription agent or bookseller. (For the con- 
venience of readers in the USA subscription orders, with or without payment, can also be sent to: 
BRITISH MEDICAL JOURNAL, 1172 Commonwealth Avenue, Boston, Mass. 02134. All 
inquiries, however, must be addressed to the publisher in London.) 

All inquiries regarding airmail rates and single copies already published should be addressed 
to the publisher in London. 
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ve ^ TO EPINAL 


CLEAR- COMFORTABLE ADRENALINE 






two strengths for flexib 
therapy. 


In two strengths, with 0.9% or 1% adrenaline, Isopto Epinal's* flexible dosage is an 
advantage particularly in the treatment of problem patients suffering from open-angle 
giaucoma 


And patients will find application easy on the eye with the aid of the specially 
lesiqned dropper 


Clear cut. Effective. 


Ihe adrenaline drops you choose could I ring tears to your patients’ eyes. Bul 


omtort them with a more gentle solution and You ll find stability diminished. the beni fits 
short lived 


Now itis unnecessary to sacrifice comfort for performance in the treatment of 


open-angle glaucoma 


With Isopto Epinal" the answer is clear Developed and distributed by Alcon 
Laboratories a name synonymous with confidence and quality, Isopto Epinal" combini 
effectiveness, comfort and stability in one clear solution 


Here to stay. 


ISopto Epinal's" increased stability means that, when used as 
directed, therapy can be completed without waste, without 
discolouration. The special antioxidant system protects against 
oxidative discolouration, eliminating man y of the problems of 
adrenaline breakdown and giving maximum patient acceptance wit! 
minimum irritation 
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Particularly comfortable for problem patients 


[he lsopto” vehicle — a hydroxypropyl methylcellulose solution — provides an ideal 
soothing and emollient action with a comfortable ph matching that of the eye 


And, by remaining in contact with eye tissue longer than aqueous vehicles, lsopt 
Epinal offers a more potent adrenaline 


EPINAL” - ONE OF A COMPLETE RANGE OF 
GLAUCOMA PREPARATIONS 


Research and experience puts Alcon out in front in glaucoma therapy. Along with Isopto 
Epinal", Alcon make and market these specialist products:— Isopto Carpine 0.59 196, 29 
3%, 4% 6%, Isopto Carbachol 3%, Oratrol tablets Dichlorphenamide 50 mg (bi itle s of 100 j), 
Lyophrin — adrenaline bitartrate 2% (equivalent to 1% base activity) 
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SOO EPINAL... 


World leaders in ophthalmic therapy 


OPHTHALMIC DIVISION, ALCON LRSORAT one: wv. K. LTD., 


Thorp Arch Trading Estate, Boston Spa, Wetherby, West Yorkshire St 1400 
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In the management of the dry eye 
and idiopathic ocular discomfort... 


Theclinician can prescribe conventional wet- 
ting agents or Adsorbotear™, a tear substi- 
tute containing an effective ocular wetting 
agent. Only Adsorbotear, because of itsunique 
ophthalmic vehicle —Adsorbobase™* — can 
meet the following criteria: 


@ Lower the surface tension of water 
and the tension at the water-lipid 
interface. 

@ Adsorb on the hydrophobic corneal 
epithelium converting it into a hydro- 
philic surface. 


@ Facilitate optimal corneal wetting and 
uniform tear dispersion. 


@ Provide prolonged duration of relief 
—up to 4 hours or longer-in the treat- 
ment of dry eyes due to mucus or 
aqueous tear deficiencies. 





\ 


Description: Adsorbotear solution is a sterile, 
tear-like ocular lubricant (and wetting agent) 
consisting of Adsorbobase 
(polyvinylpyrrolidone 1.67% with BP water- 
soluble polymers) and 0.44% 
hydroxyethylcellulose, as a viscosity agent, 

in a buffered isotonic solution. Preserved with 
Thimerosal (Liliy) .002%, and EDTA .05%. 


Indications: Temporary relief for dry 
conditions of the eyes — and related ocular 
problems. Adsorbotear has proved particularly 
useful in the treatment of dry eye conditions 
when there is a deficiency in conjunctival 
mucus or natural tear production, 


Administration: One or two drops of 
Adsorbotear to the eye(s) three times a day 
or as needed. 


Supplied: In 15cc. sterile dropper vials. 


THE .ouc Acc ADS () RB OTEAR™ 
TEAR SUBSTITUTE 


BURTON, PARSONS CHEMICALS (UK) LTD. 


Lower Street Cavendish. W. Suffolk 
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MICRO-POINT"* Spatula Needles 
are the product of years of painstaking 
research and experience—yours and ours- 


in meeting the needs of the Ophthalmologist. 


They extend your operative 
control to a degree only dreamt of a few 
years ago. 

We gave you precision made 
eyeless needles that were sharper than any 
before, yet still extremely strong. Capable of 
passing through the tough and delicate 
tissues of the eye easily and smoothly with 
the minimum trauma. 

Then we introduced the MICRO- 
POINT Spatula needle designed with only 
side cutting edges to minimise the danger 


ge j _—— T 


; d TN 
Py T» 


J 


of perforation of the anterior chamber. 
With outstanding control in quality we 
ensure you use a perfect Medb- osa time. 

Add to these advantages continual 
refinement of the location of the cutting 
edge, the curvature of the needle, finer and 
finer suture materials and true control is in 
sight. 

MICRO-POINT* Spatula Needles- 
the product of experience. 

Yours and Ours. 


rPHICO-™N 


When the difference is between 
being sure and being absolutely certain. 
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CHO HAMBLIN 
SCLF RECORDING 
PERIMETER 


















The Hamblin 
Self-Recording Perimeter V 
covers a full go field in all meridians and 
records directly by means of a moving 
needle protected bv a spring loaded sheath. 
Extensive tests showed no significant wear 
over a simulated twenty vear period. 
supplied complete with spare lamp, dust 
cover, recording charts and test objects. 
A table with or without castors is also 
available. 















| Theodore 
Hamblin " 
- a RER. 
Limited bee 
Hamblin House ina 
| Langham Place ang n iss 
| London W1N 8HS ru  COMBURGH 
| Telephone: 01-580 4343 d 
| LT 
| Sales and Services dae 
| Hamblin TO NER MARET Y 
(Instruments) DERE ‘wees TH THE QUEEN MOTHER 
| Limited — 
Castleacre Road A 
SWAFFHAM Bis a 
vorfolk PEST 7HZ rome UA ON uam 
Telephone: PTICIAN 
Swaffham 21516 THEODORE HAMBLIN LTD 
! LANGHAM PLACE 


(STD Code 0760) LONDON WIN 8HS 
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Constant control 
in glaucoma 


simple, acceptable, convenient 
- and well tolerated 


Each Diamox* Sustet* contains 
500 mg acetazolamide ina 
sustained-release 

capsule 


"T Full prescribing information is available from: 


€22» Lederle Laboratories 
Research for British Medicine 
A division of Cyanamid of Great Britain Lid 
Fareham Road, Gosport, Hants POTS GAS 
* Registered trademarks 
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Tanderil? eye ointment 
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ce” 


Tanderil® eye ointment achieves 
anti-inflammatory effectiveness 


— without the risk of enhancing 
viral replication or bacterial 
invasiveness 


~ Without adversely affecting 
intra-ocular pressure or lens 
metabolism -. 


Tanderil® eye ointment * Geigy 


Each 5G tube of ointment contains 4-butyl-2- 


(4-hydroxyphenyl) -1 -phenylpyrazolidine-3. Full preacribi l 
5-dione monohydrate (Oxyphenbutazone B.P.) ~ information p PEN 
1096 in special greasy base. 
Geigy Pharmaceuticals 
Macclesfield, Cheshire 


SK10 2LY. 


viii 


BRITISH JOURNAL OF OPHTHALMOLOGY) 


Fischer 

microsurgical instruments 
have those not to be 
forgotten qualities 


All we ask is that you try Fischer microsurgical 
instruments for yourself. Their superb 
balance and feel will leave a lasting 
impression; and convince you 

far better than words can 

that there are none finer. 


lo arrange fora trial of 
Fischer instruments 
ring 0702 610381/2 

or 610461/2 


specialised medical equipment limited 


KeyMed House Stock Road 
Southend on Sea S52 5QH 


KeyMed will replace any instrument of any manufacture with 
anew Fischer microsurgical instrument at the KeyMed 

current list price less 12'/2%. Send your beyond repair 
instrument with your order specitying which microsurgical 
instrument you would like in replacement — Delivery excellent. 
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It’s the Original! 
It's the «Haag-Streit 


Lg 





Ophthalmological 
Instruments 
3097 Liebefeld / Berne 


Switzerland 
and now ... early delivery 
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Slit Lamp 900 


The value of an original is as signifi- 
cant in the exacting world of the 
healing arts as it is in the world of 
painting and sculpture. 

The Haag-Streit Slit Lamp 900 is a 
prime example. 

The product of decades of skill and 
dedication to precision and 
reliability, the Slit Lamp 900 is 
made by the world's leader in 
ophthalmological instrumentation. 
it represents the kind of lifetime 
value that comes only with owner- 
ship of a true original. 

The Slit Lamp 900 is in use in every 
nation where ophthalmology is 
practiced. There are approximately 
25 000 of them in use. Each is an 
individually crafted original. 
Unique in its field, the Slit Lamp 
900 offers patented features 
which, while sometimes imitated, 
are not duplicated in any other 
instrument. These include the 
three-dimensional "joy stick" 
control lever which permits one- 
hand operation and a fixation 
feature which allows a nondazzling 
annular fixation target to be set at 
the patient's far point and remain 
in his field of view. 

Available with the Slit Lamp 900 as 
associated equipment are the 
Goldmann Appianation Tono- 
meter, Goldmann contact lenses 
for gonioscopy and fundus exami- 
nation and a full range of depth 
measuring and photographic 
equipment. 

Also available from Haag-Streit is 
the Goldmann Perimeter 940 for 
kinetic and static perimetry, and 
the Central Scotoma device used 
with it. 

Other products include the 
Goldmann/Weekers adaptometer, 
the Javal-Schiótz ophthalmometer 
and the Haag-Streit gonioscopy 
microscope. 
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All are of the same high-quality, 
precision manufacture as the Slit 
Lamp 900, and similarly all are true 
originals. 

If you are ready to make the life- 
time investment which is provided 
by the value that only a true origi- 
nal represents, contact us or your 
Haag-Streit dealer. Delivery is 
faster than you think! 

For additional information on the 
Slit Lamp 900 or any other Haag- 
Streit original equipment contact 
the sole agent in the U.K.: 


Tel. 01-636-8835 


Clement Clarke International Ltd. 
16 Wigmore Street, London W1H ODH 


Representative TL Egan and Company Ltd. 


in Eire: Dublin 2 
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Nikon 
VERSATILE 
ZLOOM-PHOTO 

SLIT-LAMP 
MICROSCOPE 











SLIT LAMP 
for office, research 
or teaching 


Nikon built-in, quality-controlled 
accuracy makes examinations faster 
and more accurate. An ingenious 
zoom steroscopic capability to the 
observation system covers general 
ophthalmic investigation 


The microscope is a major research 
instrument with special by-pass 
optical system for image recording 
with attachment of electronii 
flash system 


Examinations can easily be 
Supervised and recorded. and a 
teaching head or closed-circuit TV . 
system can readily be added [ 






The PROJECTINA 
Co. Ltd. sxeumorue avasuire 


TELEPHONE: WEMYSS BAY (0475) 521135 > TELEX: 779075 
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before enucleation .. . 


DOT system 


(for diagnosis of ocular tumor) 





w Specifically for 
32P method. 

m Provides aural and 
visual count. 


B Probes and cables may 
be gas sterilized. 

m Lightweight (weighs 
less than 10 Ibs.). 

m Small console 
(B4 x64" x 1236"). 





DETERMINES BENIGN OR MALIGNANT OCULAR 
LESIONS VIA RADIOACTIVE PHOSPHORUS TEST! (?*P) 


M-9030 DOT (Detector-Ocular Tumor) System, EON: includes console, two probes 
(M-9030-1CRA and M-9030-1SRA), footswitch, check source (M-9030-B), 


storage Case and tray for sterilization... 2. ilios . $3625.00 
M-9030-1CRA Probe, EON: curved, serrated, 4.0mm sensitive diameter... 2... 6. eee 275.00 
M-9030-1SRA Probe, EON: straight, serrated, 4.0mm sensitive diameter - | 275.00 
M-9030-2CRA Probe, EON: curved, smooth, 4.0mm sensitive diameter. . . | ! - 275.00 
M-9030-2SRA Probe, EON: straight, smooth, 4.0mm sensitive diameter... . . — n 275.00 
M-9030-3CRA "Probe, EON: curved, serrated, 3.2mm sensitive diameter. ..... p] = 375.00 
M-9030-3SRA  'Probe, EON: straight, serrated, 3.2mm sensitive diameter. : - 375.00 
M-9030-4CRA "Probe, EON: curved, smooth, 3.2mm sensitive diameter . E 375.00 
M-9030-4SRA “Probe, EON: straight, smooth, 3.2mm sensitive diameter. Soe eT 375.00 


Ref, “American Journal of Ophthalmology, November 1974 
Ophthalmic Surgery, Fall 1974. 


storz 
Uova rr. 


COMPLETE DESCRIPTIVE BROCHURE AVAILABLE ON REQUEST. 


STORZ INSTRUMENT COMPANY 
3365 Tree Court Industrial Blvd., St Louis, Mo. 63122 
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| Ophthalmic Literature 





EDITOR: Sir Stewart Duke-Elder 
ASSISTANT EDITOR: Stephen J. H. Miller 


EDITORIAL BOARD: M. A. Bedford, J. M. Cappin, D. F. Cole, E. W. G. 
Davies, Peter Fells, T. J. ffytche, A. Harden, Barrie Jay, J. H. Kelsey, 
I. Luke, A. S. Mushin, E. S. Perkins, R. J. H. Smith, R. C. Tripathi 


ASSOCIATE EDITORS: Australia, R. F. Lowe; Austria, K. Hruby; Belgium, J. 
François; Brasil, A. L. de Medeiros; Canada, H. Reed; Chile, A. Gormaz B.: 
Czechoslovakia, M. Klima; Egypt, M. S. E. Mostafa; France, F. Hervouét, 
S. Vallon; Greece, J. Charamis; Holland, N. M. J. Schweitzer; Hungary, P. 
Weinstein; /ndia, S. N. Cooper; /srae/, |. C. Michaelson; /ta/y, M. G. Bucci, 
N. Orzalesi, P. de Palma; Japan, A. Nakajima; New Zealand, G. Fenwick; 
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ham; Switzerland, R. Kern; Turkey, C. Orgen; USA, .J. L. Baum, D. Gold, 
J. Price; Venezuela, H. S. Novich; Yugoslavia, N. Ljuština Ivančić, A. PiSteljic. 


TECHNICAL EDITOR: Kathleen A. Taylor 


Ophthalmic Literature is the key to virtually all published information on 
ophthalmology in both its basic and clinical aspects, and is the most comprehensive 
ophthalmic abstracting medium. Each issue consists of carefully prepared, infor- 
mative abstracts in English of relevant articles in medical and scientific journals 
throughout the world; each abstract is classified under one of forty specific 
headings with cross-references where necessary. The journal appears quarterly 
with overlapping volumes; a complete volume abstracting a year's literature 
consists of six issues plus an author and subject index issue and contains over 
6000 abstracts. The clinician desirous of Keeping his knowledge up to date or 
the research worker will find the journal invaluable. 


MMC - ———————————— MB E 


ANNUAL SUBSCRIPTION RATES: . inland — £16.00 
Abroad £20-00 
USA & Canada $48.50 


ORDER FROM: Miss R. Soley, Publishing Manager, Ophthalmic Literature, 
Institute of Ophthalmology, Judd Street, 
London WC1H 9QS, England 
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STREAK RETINOSCOPE. The magnetically the focus control also governs a convenient 

controlled light image of the streak retinoscope fixation light. 

rotates through 360 , and is long enough to 

intersect trial frame or refractor unit axis scales, POCKET RETINOSCOPE. With full scale 

while the focus control permits plane and concave refractive accuracy packed into a miniature shape 

mirror vergences. the Pocket Retinoscope is compact enough to carry 
at all times. This fixed focus aperture mirror 

FOCUSING SPOT RETINOSCOPE. A “square” instrument will give quick, clear results under widely 

compact light filament eliminates pseudo- varying conditions, and could frequently obviate 

astigmatism, and gives an excellent reflex. Light the need for a more complicated examination 

vergence is variable to suit differing techniques, and procedure 


É Keeler Instruments Ltd. 
21-27 Marylebone Lane, London WIM6DS. 01-935 8512 
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This slit lamp 
has the inclination 
to assist. "M ds 


mance and great operational ease, for the 





comprehensive examination of the anterior 
camera ocular and vitreous body, including 

slit lamp microscopy of the posterior vitreous 
humor and stereoscopic ophthalmoscopy (with 


the Hruby lens). 


The slit image can be varied infinitely, or the 
width from 0 to 8mm and the length from 1mm 
to 8mm. Aperture diaphragms also produce six 


different lengths. 


The slit lamp can be rotated horizontally through 
180 with or without the microscope arm, and 
the slit image can be rotated through 90 in both 
directions, from the vertical to the horizontal, 
with click-stops at the vertical, oblique and 


horizontal positions. 


XK The slit illumination can be inclined up to 20 
of the vertical for gonioscopy and fundus exam- 


ination of horizontal optical sections. 


The slit illumintion can be displaced from the 





center of the field, for producing indirect 
illumination, retro-illumination, scleral scatter, 


etc. 


FOR MORE DETAILS: Tel. 01-935 8512 


Keeler Instruments Ltd 
21-27 Marylebone Lane, London WIM6DS 
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A POWERFUL 
REPUTATION. 


The Pantoscope has been in 
constant demand throughout 
the world since its intro- 
duction over 25 years ago. 

in that time it has proved that 
the combination of eleven 
different types of ophtha!- 
moscopic examination and 


considerable reserve of 


illumination power can satisfy 


the most critical demands. 
(The use of a Pantoscope by 
the medical team on the 
1975 Everest Expedition is a 
significant recent example.) 
Keeler offer you the Panto- 
scope with the conviction 
that dependable high 
performance cannot go out 


of date. 


KC A Keeler 


21-27 Marylebone Lane, 
London W1M 6DS. 





01-935 8512 
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ONIY 
TWO DROPS 
DAILY 


In simple glaucoma, 
Phospholine lodide has the 
considerable advantage of 
being /onger acting with a 
lower dosage. A maximum 
of only two installations a 
day is all that is normally 
required. 








Now available in 0.03%, 
0.06%, 0.125%, 0.25% 
solutions. 


For full technical information, please 
contact: 


- * 
Ayerst Laboratories Ltd, Forge Court, | 
Yateley, Camberley, Surrey 


Tel : Yateley 872021 (Ecothiopate Eye Drops B.N.F.) * Registered Trade Mark 
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ON THE 
SUMMIT 
OF EVEREST 












A Perkins Tonometer was taken on the Mount 
Everest expedition to the south-west face. At a 
height of 6,000 m, it was used by Dr. Charles Clarke 
who said that “it worked perfectly and was easy to 
handle,even with gloves on”. 

Still further proof of the functional, reliable Perkins Tonometer. 


Clement Clarke International Ltd. 
AIRMED HOUSE, EDINBURGH WAY, HARLOW, ESSEX CM20 2ED, ENGLAND 
Telephone (0279) 24331 
Telex 81338 
Cables AIRMED Harlow 
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UNIVERSITY OF LONDON 


INSTITUTE OF 
OPHTHALMOLOGY 


JUDD STREET, LONDON WC1H 90$ 


Associated with 
MOORFIELDS EYE HOSPITAL 


General and Special Courses in the various aspects of ophthal- 
mology take place throughout the year. The General Course 
includes Sciences basic to ophthalmology, Methods of Examina- 
tion and Clinical Demonstrations. The Special Courses include 
the following topics: Orthoptics, Contact Lenses, Immunology, 
Orbital Disease and Microsurgery. 


For further particulars apply to the Dean. 


EXAMINATION OF PATHOLOGICAL OPHTHALMIC SPECIMENS 
The Department of Pathology of this Institute will examine and 
report on certain specimens sent by Ophthalmic Surgeons. 
Specimens sent from Hospitals for further examination should be 
sent through the particular Hospital Pathologist. 


For particulars apply to the Director of the Department of 
Pathology. 





DIPLOMA IN 
OPHTHALMOLOGY 


Are you preparing 
for this examination? 


We specialize in postal preparation 
Our new course should help you pass 


Write for details to : 
Medical Correspondence College 
r Penn Place 
Rickmansworth, Herts. 
Telephone: Rickmansworth 79478 


(Accredited by the Council for the 
Accreditation of Correspondence Colleges) 
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FESTSCHRIFT 


DEDICATED TO 
Sm STEWART DUKE-ELDER 


Single copy price £3-00 (U.S.A. $6-00) 
plus postage. 


ORDER FROM: British Journal of Ophthal- 
mology, BMA House, Tavistock Square, London 
WCIH 9JR, or through any leading bookseller. 


The Division of Ophthalmology at 
The Peter Bent Brigham Hospital 


seeks 


A MEDICAL 
OPHTHALMOLOGIST 


Duties to include: 
General Eye Clinic 
Contact Lens Clinic 
In-hospital Consultation 


Contact: 
Don C. Bienfang, MD 
721 Huntington Ave. 
. Boston, MA, USA 02115 





BRITISH JOURNAL OF OPHTHALMOLOGY MARCH 1976 


British Journal of 


Ophthalmology 
on MICROFICHE 


Since January 1976 the BRITISH JOURNAL OF OPHTHALMOLOGY has been 
published in a microfiche edition simultaneously with the standard paper 
edition. Overseas subscribers to the microfiche edition will receive microfiches, 
by AIR MAIL, within days of publication. The availability of the microfiche 
edition should have great appeal to libraries and other readers far distant from 
the United Kingdom. 


The microfiche produced for the British Medical Association conform to 
the international standard as laid down by the National Microfilm 
Association of America. These microfiches are produced by a step and 
repeat camera with duplicates produced on silver halide film for 
archival permanence. Each fiche measures 105mm 148mm and can 
contain up to 98 images filmed at a reduction ratio of 24 x along with 
an eye readable title for identification. Details of microfiche volume 
binders are available on request. 


The subscription prices for each annual volume on microfiche are as follows: 
For subscribers to the paper edition £13.50 (U.S.A. $27-00) 


For those who do not subscribe to the £20.25 (U.S.A, 540-50) 
paper edition 


Volume 59, 1975, is also available on microfiche at these rates 
Orders for the microfiche edition of this journal can be sent to: 


The Publisher, BRITISH JOURNAL OF OPHTHALMOLOGY, B.M.A. House, Tavistock 
Square, London WC1H 9JR. Readers in the U.S.A. can order from: BRITISH MEDICAL 
JOURNAL, 1172 Commonwealth Avenue, Boston, Mass. 02134. 
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We shall be pleased to send, on request, an 
illustrated pamphlet of micro surgical instruments. 


DIXEY INSTRUMENTS LTD. 


19 WIGMORE STREET LONDON, WIA 4DU 
Telephone 01-580 1713 

















| Melson Wingate Ltd. 


| 31 ABBOTT ROAD, BOURNEMOUTH (0202) 512311 AND 40 BRANCHES 


VOCATIONAL LENSES 


This comprehensive range of Multifocals, Tints, and special Lenses is 
available for demonstration to patients in all our branches. 
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In 1842 Mr. William Hawes became the first 
holder of an appointment to dispense 
spectacles to the R.L.O.H. (Moorfields 
Hospital). it was a clear mark of recognition 
for optical dispensing. 


Today, over 130 years since this appoint- 
ment, the firm Mr. Hawes founded has a 
widespread reputation for the highest stan- 
dards in optical dispensing. 


Tomorrow the branches of Alfred Hawes & 
Son will continue to give individual service 
in the family- tradition to the medical 
profession and patlents. 





Branches 
Chislehurst: 01-487 4433 
Croydon: 01-688 5779 
Dorking: 0306 3187 
Head Office: 78 Leadenball Street, London Eltham: 01-850 4325 
EOZA SDL. Telephone 01-285 4538, Bodalming: 048 68 22088 
West End Branch: E! Marylebone High Stract, Guildford: 0483 4811 
London WIM 308. Telephone 01-955 7862 ilford : 01-554 5825 





Leatherhead: 537 3157 
Lewisham: 01-852 2245 
Romford: 70 42208 

St. Paul's Cray: 01-300 4803 
Walthamstow: 01-520 5206 
Woking: 048 62 60944 
Walton-on-Thames: 98 21832 
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Editorial: The importance of being collagen 


The eye, by its specialized structure and accessi- 
bility to examination, provides a unique window for 
the study of connective tissues when they are 
involved in systemic disease processes. The severest 
forms of ocular complications—for example, kera- 
tolysis and necrotizing scleritis—underline the vital 
role which collagen plays in the basic architecture 
of the eye and emphasize the importance of the 
study of control mechanisms for its biosynthesis and 
biodegradation, and their perturbation by patho- 
logical processes. 

At present the process of extracellular fibre 
formation is the subject of active investigation. 
Recent studies (Olsen and Prockop, 1974) have 
demonstrated the mobilization of previously syn- 
thesized procollagen within Golgi vesicles which 
are then transported to the plasma membrane by 
the microtubular system. After fusion of the 
Golgi vesicle with the plasma membrane the 
procollagen molecules are released into the extra- 
cellular space where the non-helical polypeptide 
extensions are cleaved by a procollagen peptidase. 
This allows normal fibre bundle formation and 
cross linking of the molecules to occur (Lapiére 
and Pierard, 1974). Deficient activity of this 
enzyme is responsible for dermatosparaxis in the 
calf. In this hereditary disorder of connective 
tissue, procollagen forms the fibrous framework 
(Tenaers, Ansay, Nusgens, and Lapiére, 1971), 
and the dermal connective tissue is very fragile 
(Hanset and Ansay, 1967). Collagen synthesis can 
also be influenced by the extracellular matrix 
itself (Nevo and Dorfman, 1972), and this control 
may be sufficiently sensitive to order the type of 
collagen synthesized (Slavkin, Croissant, and 
Guenther, 1975). In developing tissues the distri- 
bution patterns of collagen fibre width play an 
important role in morphogenesis (Robert and 
Robert, 1975), and in the embryonic eve, physical 
factors—such as, developing intraocular pressure—- 
may operate to produce the highly structured 
orthogonal lattice of collagen fibres in the cornea, 
and so produce a regular conformational response. 

The control of collagen biodegradation in vivo 1s 
less well understood at present, because of the 
many factors which seem to be involved. Circulating 
inhibitors of collagenase activity have been reported 
in serum, an x, macroglobulin and x, antitrypsin 
(Eisen, Bloch, and Sakai, 1970), and an x, macro- 
globulin-enzyme complex in synovial fluids from 
patients with rheumatoid arthritis (Abe and Nagai, 
1973). Dissociation of this complex in sodium 


thiocyanate (NaCNS) results in the ‘unmasking’ of 
considerable collagenolytic activity. These circu- 
lating inhibitors would therefore seem to be part 
of the homoeostatic control mechanism to prevent 
excessive collagenase activity in chronic inflam- 
matory states. In addition, inactive enzyme pre- 
cursors or procollagenases have been found in 
the culture media of bone explants in vitro (although 
the possibility that this is an inactive enzyme- 
inhibitor complex has not been entirely excluded). 
In these experiments ‘unmasking’ of the latent 
collagenase activity was achieved after incubation 
with a variety of enzymic substances-—for example, 
trypsin, lysosomal extracts, cathepsin Br, Kallikrein, 
and plasmin (Vaes and Eeckhout, 1975). Many of 
these substances could well be expected to operate in 
an inflammatory lesion, although these authors feel 
that other proactivators may further complicate the 
system. Collagenase activity may also respond to 
different controls in various organs. The collagenase 
production of involuting uterine explants has been 
shown to be markedly inhibited by progesterone, 
especially when augmented by dibutyryl cyclic 
adenosine monophosphate (AMP), Similar inhibitory 
effects of the cyclic nucleotide and theophylline 
(a cyclic phosphodiesterase inhibitor) were also 
found in human skin cultures but progesterone was 
inactive in this svstem (Jeffery, Koob, and Eisen, 
1975); the same workers also showed that the skin 
collagenase production was inhibited by extremely 
low levels of cortisol and dexamethasone which 
were similarly effective on rheumatoid synovia, 
The recent demonstration of collagenase activity 
associated with corneal fibroblasts (Hook, Hook, 
and Brown, 1973) is obviously of particular in- 
terest. When the control mechanisms for this 
enzyme have been fully studied, the pathogenesis 
of a suddenly developing keratolvsis or sclero- 
malacia perforans will undoubtedly be better 
understood, and it is not too much to hope that 
collagenase inhibitors other than corticosteroids 
will be found, and will prove to be effective 
in the control of such connective-tissue destruction 
without concomitantly slowing down the rate of 
reparative synthesis. 

Finally, one must consider how the foregoing 
outline of the underlving ‘mechanics’ can be 
modified by substances derived from the patho- 
logical lesions themselves. In this respect the 
granulomatous lesions of the sclera are of prime 
importance, as by definition they represent a 
failure of biodegradation and characteristically 
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are a source of numerous acid hydrolases. In this 
connexion, ingested inert particles by rabbit 
synovial fibroblasts have been shown to secrete 
increased quantities of a collagenase (Werb and 
Burleigh, 1974) and a neutral proteinase (Werb 
and Reynolds, 1974). Neutral proteinases are of 
special importance by their action upon proteogly- 
can core protein, the dissolution of which enables 
further enzyme access. The ingestion of antigen/ 
antibody complexes by cells have also been shown 
to result in the extracellular release of lysosomal 
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Scleritis and episcleritis 


PETER G. WATSON* aNp SOHAN SINGH HAYREHT 
From Moorfields Eye Hospital, City Road, London*, and Addenbrooke’s Hospital, Cambridge”, 
and the Department of Ophthalmology, University of Iowa Hospitals and Clinics, Iowa City, USAT 


From the earliest available descriptions of episcleritis 
(Slade, 1838; Rognetta, 1844; Desmarres, 1847) 
a confusion has existed between scleritis and 
episcleritis. This has led to contradictory views 
on the relative severity and prognosis of these 
conditions, and the erroneous belief that episcleritis 
is accompanied by serious complications (Viswaling- 
ham, 1936; Wood, 1936; Mann and Markson, 1950; 
Clavel and Teuliéres, 1958). While Slade (1838), 
Rognetta (1844), and Desmarres (1847), thought 
that episcleritis was both common and severe, 
Mackenzie (1830) considered it to be neither and gave 
at the same time a vivid and accurate description 
of scleritis. 'T'his confusion still persists today. 

In an attempt to clarify the position we have 
been studying patients with scleritis and episcleritis 
in a special clinic at Moorfields Eye Hospital 
during the past 10 years. Of these, 207 patients 
(301 eyes) with episcleritis and 159 patients (217 
eyes) with scleritis were analysed in depth.§ The 
results reported below have led us to conclude 
that scleritis and episcleritis are clinically distinct, 
with a different symptomatology and prognosis 
and requiring different management, 

The incidence of these conditions is not known, 
but Williamson (1974) suggested that it was about 
9:08 per cent of hospital new patient referrals. Our 
series is from highly selected patients, all being 
referred from elsewhere, often where there was 
difficulty in diagnosis, and with unusual problems. 
This is reflected in the fact that go per cent of the 
patients who had rheumatoid arthritis were seen 
within a year of the start of the special clinic. 


Classification 
EPISCLERITIS 


Episcleritis has been recognized for over a century, 
although called by many different names, such as 
subconjunctivitis by von Graefe (Duke-Elder and 
$Mr B. Augier and Mrs B. Phillips of the Institute of Ophthal- 


mology. London, used the University of London computer to 
analyse the findings 
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Leigh, 1965), subconjunctival phlegma or simple 
or phlegmatous conjunctivitis by Mackenzie (1830), 
and episcleritis periodica fugax by Fuchs (1893). 
Duke-Elder and Leigh (1965) distinguished be- 
tween nodular episcleritis and rheumatic episcleritis, 
but such a differentiation appears to be unjustified 
as rheumatoid arthritis can be associated with 
either condition. We have classified episcleritis 
into two types: 

1. Simple episcleritis 

2. Nodular episcleritis. 


SCLERITIS 


Many classifications of scleral disease have been 
proposed (Holthouse, 1893; van der Hoeve, 
1934; Franceschetti and Bischler, 1950; Duke- 
Elder and Leigh, 1965; Sevel, 1967) which have 
been based on a mixture of clinical and pathological 
observations. Although we tried to adopt these, 
from the clinical point of view they have all been 
unsatisfactory. We eventually adopted the following 
classification because, although there is some slight 
overlap between the groups, clinically we have 
observed several distinct patterns. This classifica- 
tion has proved to be satisfactory and has enabled 
us to assign almost all the patients to a particular 
category at the initial examination. 
(a) Anterior scleritis 

1. Diffuse scleritis 

2. Nodular scleritis 

3. Necrotizing scleritis 

a. with inflammation 
b. without inflammation (scleromalacia per- 
forans) 

(b) Posterior scleritis. 


Material 


Using the above classification, patients were 


distributed as in Table I. 


Normal anatomy 


Before considering the criteria by which the 
differential diagnosis is reached it is necessary to 
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understand the normal vascular anatomy of the 
outer coats of the eve. The blood vessels of the 
episclera are not easily seen in the uninflamed eve, 
but as soon as the eve becomes congested three 
quite separate vascular plexuses become readily 
visible. 


1. Bulbar conjunctival plexus (Fig. 1) 


This is the most superficial plexus of fine hair-like 
interlacing vessels freely moveable over the under- 
lying structures. Overlying the episclera the 
conjunctival arteries are derived from two sources 
the anterior ciliary arteries at the limbus, and the 
palpebral branches of the ophthalmic and lacrimal 
arteries. When they are inflamed the colour is 
bright red. 





2. Episcleral plexus (Fig. 1) 


which are straight and radially 
arranged, lie in the superficial episclera (parietal 
layer of Tenon’s capsule) at a depth of about one- 
quarter to one-third of the distance between the 
surface of the conjunctiva and sclera (Graves. 
1937). The visible vessels are mainly veins, accept- 
ing the aqueous veins at intervals around the globe. 
These vessels are moveable over the deep layers, 
although not so easily as the conjunctival vessels. 
In the anterior episcleral plexus (anterior to the 
equator and over the muscle) the vessels belong to 
the anterior ciliary system; while in the posterior 
episcleral arterial plexus (posterior to the equator) 
they are derived from the arteries of the oblique 
muscles, the posterior ciliary arteries, and the vessels 
of the optic nerve sheaths (Hayreh and Baines, 
1972). When inflamed, these radially arranged vessels 
can easily be seen, giving the eve a salmon pink 
colour. 


The vessels, 


3. Scleral ( deep episcleral) plexus (Fig. 1) 

This plexus consists of a rete (criss-cross) of 
vessels lying within the visceral layer of Tenon’s 
capsule, closely applied to the sclera. At the limbus 
the superficial and deep episcleral plexuses merge 
into one another and terminate in the superficial 
marginal plexuses of the cornea. When congested 
this layer looks bluish-red in colour and is immobile. 


Clinical examination 


Careful examination will determine the depth of 
the inflammation, so that it is almost always possible 
to decide when the patient is first seen whether 
scleritis or episcleritis is present. This depends on 
accurate observation of the relationship of one 
layer of vessels to the other and to the underlying 
sclera, 


HISTORY 

A detailed clinical history is taken of the patient’s 
ocular and systemic disorders, including family 
history. Any contact with chemical irritants and 
solvents is noted, as is any history of allergic 
conditions, rheumatic, connective-tissue or skin 
disease, gout, venereal disease, tuberculosis, or 
sarcoidosis. The site, distribution, and nature of 
any ocular pain and disturbances of vision are 
important in deciding the type of inflammation 
present. 


EXAMINATION OF THE EYE 
After the visual acuity has been recorded, the 
following routine of examination is used: 


1. External examination of the eye in daylight 


It is essential to examine a case of episcleritis in 
daylight as this is often the only wav of distin- 


FIG. 1 Normal vascular networks of 
episclera. There are three lavers 

the deepest is almost invisible in the 
uninflamed eve 


Conjunctival vessels 


Superficial episcleral network 


Deep episcieral network 





guishing episcleritis from the much more serious 
scleral disease. In episcleritis the colour is salmon 
pink; in deep scleral disease the colour has a 
much deeper purple hue. These colour changes 
are difficult to distinguish in tungsten or fluorescent 
light. After recurrent attacks of scleral inflammation 
the sclera may become more transparent and is 
sometimes thinner, and as a consequence the grey 
choroid may be seen through the sclera. Some- 
times these areas are black and well defined, but 
more often they give a faint grey tinge to the sclera. 
This is a particularly important observation in 
scleromalacia perforans, in which there 1s no sur- 
rounding inflammation, Time and again it is 
possible to see areas of scleral thinning in daylight 
which were invisible with the slit-lamp or by 
illumination with tungsten or fluorescent light. 


2. Slit-lamp microscopic examination 


Of the greatest assistance in distinguishing epi- 
scleritis from scleritis is the relationship of one 
vascular network with another and the changes 
within them. The object of this examination is to 
confirm the macroscopic findings. In scleritis, the 
examination is directed to detecting scleral oedema 
and the involvement of scleral vessels, ignoring 
the fact that the overlying episclera will be con- 
gested and oedematous. In episcleritis there will 
be no oedema of the sclera. In addition avascular 
patches must be diligently searched for, as these 
indicate a vasculitis and carry a poor prognosis. 


Diffuse illumination confirms the macroscopic 
impression that only episcleral tissue is involved, 
and in addition reveals any corneal changes. 


Slit-lamp examination detects the depth of maxi- 
mum vascular involvement, infiltration, and oedema 
of the episclera. Any corneal changes can be 
categorized and the anterior segment and vitreous 
scrutinized for evidence of uveitis. 


Red-free light examination should never be omitted; 
it is the ideal method of examining the vascular 
changes because the vessels become more easily 
visible. Infiltration of the episclera also shows 
up as a yellow patch. Adrenaline 1:1000 or 10 per 
cent phenylephrine can be instilled into the con- 
junctival sac. 'This constricts the conjunctival and 
superficial episcleral vessels more than the deep 
scleral plexus, thus revealing any underlying 
scleral disease. 


3. General eye examination 


It is essential to exclude complications such as 
glaucoma, uveitis, pars planitis, choroiditis, secon- 
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dary retinal detachment, and optic neuritis. Prop- 
tosis and limitation of movement of the extraocular 
muscles are also looked for as evidence of an 
involvement of posterior sclera. 


SYSTEMIC EXAMINATION 


As scleritis is frequently a manifestation, and 
sometimes the first manifestation, of systemic 
disease, a thorough physical examination 15 impera- 
tive, special attention being paid to the joints and 
the cardiovascular system to eliminate a vasculitis.* 


Special investigations 
ROUTINE STUDIES CARRIED OUT IN ALL PATIENTS 
t. Full blood count 


This included haemoglobin estimation, white blood 
cell count and differential white cell count, and 
erythrocyte sedimentation rate, 


2. Rheumatoid arthritis latex agglutination test 


The Rose-Waaler sheep-cell agglutination test was 
used as a confirmatory test for rheumatoid factor. 


3. Serum uric acid estimation 


4. Serological tests for syphilis 


A patient who had a positive Wassermann reaction 
also had the fluorescent treponemal antibody 
absorption (FTA (ABS) test, Reiter's comple- 
ment-fixation test, the Venereal Disease Refer- 
ence Laboratory (VDRL) test, and the Treponema 
pallidum immobilization (TPI) test to confirm the 
diagnosis of syphilis. It was recognized that some 
cases of syphilis might have been missed as only the 
Wassermann and Kahn tests were performed as a 
routine. In the case of any abnormal result the 
test was repeated. 


s. X-rays of the chest and sacro-iliac joints 


These were taken whether the patient had any 
relevant complaints or not. 


ADDITIONAL STUDIES CARRIED OUT IN CERTAIN 
PATIENTS 


1. A full immunological survey for tissue anti- 
bodies, soluble immune complexes, complement, 
lupus erythematosus cells, and antinuclear factor 
(ANF) were undertaken. 

2. Mantoux test. 

4. Electroretinograms and electro-oculograms were 


*This was carried out in our clinic by the rheumatologists Dr 
Fowler, Dr Hazleman, and Dr Lachmann 
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performed initially in all patients but later in the 
series these were confined to patients with severe 
disease and to all those with posterior scleritis. 


Results 
PATIENTS 


‘The data were derived from 207 patients (301 eyes) 
with scleritis and 159 patients (217 eyes) with 
episcleritis (Table I). 


FAMILY HISTORY 


A family history was elicited in 14 patients (four 
of these patients had simple episcleritis, three 
nodular episcleritis, six nodular scleritis, and 
one diffuse anterior scleritis). In the case of the 
three patients with nodular scleritis the condition 
‘was very similar to that seen in close relatives, but 
in all others the history was indefinite. This 
indicates that neither episcleritis nor scleritis is a 
familial condition. 


TIME BETWEEN ONSET AND FIRST ATTENDANCE 


In contrast to episcleritis, patients with scleritis 
attended much sooner after the onset of the disease, 
but even so (presumably because the onset was 
often insidious) many patients did not seek advice 
until the pain had become severe, which might 
not have been for several weeks. Of the patients 
with episcleritis 13 per cent reported in the first 
month and 64 per cent within two months. Of 
those with scleritis the results were very similar, 
37 per cent being seen within the first month and 
68 per cent before the end of the second month. 


Table I Patients with episcleritis and scleritis whose 











records were analysed by computer 
Further 
Paw Patients Eyes subdivisions Eyes 
Episcleritis- 159 217 Simple 170 
Nodular 47 


Scleritis 207 301 Diffuse anterior 119 


Nodular anterior 134. 


Posterior 


inflammation 13 
6 





*The incidence of necrotizing anterior scleritis is open to question 

sometimes obvious when the patient first presents, 
the disease more often starts as a diffuse or nodular anterior scleritis. 
Active treatment has certainly 
veloping necrotic focis ee diagnosian 
absolutely certain have been included in this category 


Within one year of the onset of this condition 92 
per cent had sought advice. 


" AGE AND SEX DISTRIBUTION 


Scleritis was more than 1} times as common in 
women as in men. This contrasted with episcleritis, 
which was equally common in both sexes. 


I. Scleritis 


Analysis of the age and sex distribution for the 
different types of scleritis revealed distinct pat- 
terns for each type of scleritis. The diffuse and 
nodular varieties were most prevalent. In men 
the peak incidence occurred in the fourth decade 
(P= <o0'05); women showed two separate peak 
incidences, one in the third decade and another 
in the sixth decade (P= < o:05). 


Scleritis—diffuse anterior scleritis 
In women the disease wes commonest in the 


. fourth to seventh decades, with no predilection 


for any age group. In men it was more prevalent 
in the third to sixth decades, with a distinct peak 
during the fourth. The condition was rare in the 
young and the old. 


Scleritis—nodular anterior scleritis 

The nodular disease in both sexes was most pre- 
valent from the fourth to sixth decades, but in 
women there was a very marked peak during the 
sixth decade. 


Scleritis—necrotising type with inflammation 

Of the patients who presented with this severe 
variety of scleritis the majority were women, but 
of those who presented during the fourth decade 
all but one were men. 


Scleritis—necrotizing type without inflammation 
( scleromalacta perforans) 
All these patients were women. The age range 


was 35 to 75 years, most cases occurring in the 
fifth decade. 


Scleritis—posterior scleritis 
Posterior scleritis was usually associated with a 
diffuse anterior scleritis, occurring most frequently 


. in women in their sixth decade, but one woman of 


45 years was seen with this condition. 


2. Episcleritis 
Altogether 88 men and 71 women suffered from 
episcleritis. There was a significant variation in the 


sex distribution at different ages. The condition 
was not seen in childhood. Episcleritis in men 
occurred maximally from the third to the sixth 
decade, with a peak in the fourth decade. In 
women, however, although there was a peak 
incidence in the fourth and fifth decades, the distri- 
bution did not show a predilection for any parti- 
cular age group. The difference between the 
peak incidence in the different series was highly 
significant (P= < o:005). There was no significant 
difference in the sexes between the time of onset of 
simple and nodular episcleritis, but nodular epi- 
scleritis had a peak incidence in the fifth decade 
whereas simple episcleritis was most common in 
the fourth decade (P= < oog). 


INVOLVEMENT OF ONE OR BOTH EYES 
I. Sclerttis 


In 45 per cent of the patients the disease was 
bilateral, but in cases in which the disease involved 
only one eye, one side was not involved more than 
the other. When each type of scleritis was further 
analysed it showed that diffuse anterior scleritis 
was more often bilateral (P= « 0:005) and that 
nodular anterior scleritis was more often unilateral 
(P= « 0:005). In necrotizing scleritis with inflam- 
mation both eyes were more often affected than in 
patients with scleromalacia perforans. These dif- 
ferences were not, however, significant. 

Posterior scleritis was usually unilateral. 

In 35 per cent of those patients in whom the 
condition became bilateral, the other eye was 
affected between one and three months after the 
onset of the condition in the first eye. In the rest 
the disease did not occur in the other eye in less 
than six years. 


2. Episcleritis 


Of patients with episcleritis, 36°5 per cent developed 
the condition in both eyes. When only one eye 
was affected there was no significant difference in 
the distribution between right and left eyes. 
Nodular disease occurred more commonly uni- 
laterally than bilaterally. The fellow eye was affected 
either between one and three months or after six 
years. There were no exceptions to this in this 
series, 


Symptoms 
REDNESS 


Almost all patients naturally presented with 
redness of the eyes. In simple episcleritis the 
onset was often extremely rapid, the eye becoming 
flushed within a few minutes of the onset of 
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symptoms; in nodular episcleritis, scleritis, and 
diffuse anterior scleritis the onset was much more 
gradual, the intensity of the inflammation increasing 
over a period of several days. The redness was 
sectorial, ranging in intensity from the barely 
noticeable to the fiery red; the degree of inflam- 
mation bearing no relationship with the seriousness 
of the condition. Indeed, in scleromalacia perforans 
(necrotizing scleritis without surrounding inflam- 
mation) there might be no redness of the eve at all. 


LACRIMATION, PHOTOPHOBIA, AND CONJUNCTIVAL 
DISCHARGE 


Conjunctival discharge was not a feature of scleritis 
or episcleritis. Indeed, 1f the discharge is anything 
but watery in consistency an incorrect diagnosis has 
probably been made. Photophobia and lacrimation 
did not universally accompany  episcleritis or 
scleritis, but where these symptoms were severe 
they often indicated the presence of a necrotizing 
process. 

In scleritis these complaints were not universal; 
of the patients with diffuse anterior and nodular 
scleritis 27 per cent complained of some degree of 
watering. However, 7o per cent of the patients 
with necrotizing scleritis complained of photo- 
phobia and in 5o per cent the eye watered. Photo- 
phobia was unusual in posterior scleritis but 
about half the patients complained of some lacri- 
mation. No correlation with the presence or type 
of keratitis could be demonstrated. The incidence 
of keratitis in each type of scleritis was much less 
than suggested by the symptoms of photophobia or 
lacrimation. In episcleritis when these symptoms 
occurred they were rarely, if ever, severe. Photo- 
phobia occurred in 10 per cent of the patients and 
lacrimation was complained of in 25 per cent. 
Patients with nodular disease did not have more 
severe symptoms than those with simple episcleritis. 
Photophobia and lacrimation showed some cor- 
relation with corneal changes, but these symptoms 
were not always due to changes within the cornea. 


PAIN 
Scleritis 


This is one of the very few severely painful eye 
conditions and severe pain was complained of in 
60 per cent of these patients (Table TI). The pain, 
which was boring in character, was either localized 
to the eye or generalized, in which case it radiated 
from the orbital margin to the temple or the jaw 
in the distribution of the trigeminal nerve. Some 
patients had been erroneously diagnosed as having 
migraine or sinusitis, and one patient was thought 
to have a cerebral tumour. Many other patients 
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Table II Types of pain experienced in different types of scleritis (percentage ) 


—— MBA LL TTT UL OIUAUALUA UA LLLULLABRULAHAAHHUPUAHAAPUUPUEUUAHUUULUREPAAMLUBUREUPUAUURURUUHMUPUIAAAHHLULUUURPUUAUEIOAUUUMRMARIrErEENUDUNUE. 


Localized 

Type of scleritis only 
Diffuse anterior 14 
Nodular anterior 25 
Necrotizing anterior 

With inflammation o 

Without inflammation 

(scleromalacia perforans) o 

Posterior o 


suffered mild discomfort, but as this did not 
constitute one of their complaints these patients 
are not included in the table. Pain is rarely com- 
plained of in scleromalacia perforans, in which 
there 1s no surrounding inflammation; this is in 
marked contrast to the pain of necrotizing scleritis, 
which is the severest of all, often preventing sleep 
and causing severe loss of weight, and described by 
Mackenzie (1830) more than 140 years ago 

[the pain . . . is pulsative and deep seated, the chief 
pain, however, is not so much in the eveball, as round 
the orbit, under the eyebrow, and in the temple, cheek 
and side of the nose, and is severely aggravated from 
sunset to sunrise]. 

The pain could indeed be so severe that the eve 
had to be removed. 


Episcleritis 

Severe pain is not a feature of episcleral involve- 
ment. Discomfort, rarely described as pain, oc- 
curred in 51 per cent of patients and was almost 
equally common in simple and nodular types. The 
sensation in the eye was described as hot, sharp, 
a slight ache, or irritable. Equally the pain around 
the eye was described as an ache and, although it 
sometimes radiated to the temple or jaw, it was 
never described as boring. However, very occa- 
sionally a patient will present with severe swelling 
of the lids, extreme discomfort, and even miosis 
and temporary myopia. 

The pain or discomfort was localized to the eve 
in 25 per cent of those patients with simple epi- 
scleritis and 33 per cent of those with nodular 
episcleritis, and was felt around the eve but not 
in the eye itself in only 9 per cent of those with 
simple episcleritis and 14 per cent with nodular 
episcleritis. Both localized and generalized pain 
was experienced in 19 per cent in simple episcleritis 
and in to per cent in the nodular variety. 


Physical signs 
SCLERITIS 


In the classification of scleritis which we have 
adopted it has been possible to distinguish each of 


Generalized Both localized Total no, 
only and generalized of eves 
15 30 119 
16 20 134 
15 46 29 
13 I9 13 

5 33 6 


the various types from their typical clinical appear- 
ances although, as already stated, while necrotizing 
scleral disease sometimes started as a nodular 
scleritis, its presence could usually be suspected 
because of the severity of the symptoms. 

The essential diagnostic feature in scleritis was 
the involvement of scleral tissue in the inflam- 
matory process. This usually took the form of 
scleral oedema which could be detected bv observ- 
ing the outward displacement of the deep vascular 
network of the episclera (Fig. 2). 

Because the episclera was always swollen and 
congested in scleritis, scleral oedema was the sign 
which had to be looked for. The deep episcleral 
vascular plexus was more congested than the 
superficial network, giving rise to the tvpical 
bluish-red colour. The conjunctival vessels were 
rarelv involved. 


SCLERITIS—NODULAR ANTERIOR SCLERITIS (Fig. 3) 
Although these patients resembled those with 
nodular episcleritis on cursory examination, de- 
tailed examination revealed marked differences 
and rarely presented any difficulty in diagnosis. 
The nodule was deep red in colour, totally immo- 
bile and quite separate from the overlying con- 
gested episcleral tissues. All the vessels were lifted 
by the nodule. There was, of course, some secon- 
dary overlying episcleritis and conjunctival con- 
gestion which involved the whole anterior episclera 
in 20 per cent (Fig. 3). Multiple nodules were seen 
in 42 per cent, sometimes reaching an enormous 
size; in 50 per cent they were tender. 


SCLERITIS—DIFFUSE ANTERIOR SCLERITIS (Fig. 4) 
sten 

This was the most benign form of scleritis and it 
was associated with the least severe of the associated 
general conditions. The patients might present 
with an eye in which the sclera was obscured by 
a diffuse redness and swollen episclera, which 
might be accompanied in severe cases by conjunc- 
tival oedema so severe as to obscure the cornea 
and protrude from between the eyelids. In these 
patients adrenaline 1:1000 had to be applied to 








Nodular anterior scleritis. A discrete scleral 
nodule, displacement of deep vessels over nodule and 
surrounding inflammation overlying unaffected sclera 
are characteristic of this condition 


FIG. 3 


the conjunctival sac so that the deep scleral 
network and the scleral tissue itself could be 
visualized, and any degree of scleral oedema deter- 
mined. In the less severe cases the area of redness 
might be confined to a small area of the globe 
with very little overlying congestion. The inflam- 
mation was more widespread than in the nodular 
disease, and the extent of the involvement varied 
from a small area (61 per cent) to the whole anterior 
segment (39 per cent). The vascular pattern was 
occasionally grossly distorted and the normal radial 
pattern lost, with replacement of these vessels 
with abnormal tortuous new channels (Fig. 5). 
The eve was tender in 54 per cent of patients. 


SCLERITIS—NECROTIZING SCLERITIS WITH SIGNS OF 
ADJACENT INFLAMMATION (Fig. 6) 

This was found to be the most destructive form of 
the disease. Of these patients 60 per cent developed 
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FiG. 2) Slit-lamp appearances in scleritis 
Sclera is stvallen so that deep plexus of vessels ts 
displaced forwards. Accompanying episcteritis 
causes slight separation of superficial netzcorks 


complications other than scleral thinning and 4o 
per cent suffered a deterioration. of visual acuity, 
Those patients who were first seen at the onset of 
the disease presented with a localized patch of 
scleritis which was associated with acute congestion, 
sometimes so severe as to merit the term ‘brawny 
scleritis, but there was nothing in the physical 
appearances, the aetiology or prognosis, to justify 
including them as a separate category. 

Another physical sign which must alert one to 
the presence of severe necrotizing scleral disease 
is the avascularity of a patch of episcleral tissue 
overlying or adjacent to an area of scleral oedema 
(Fig. 6). This sign was found in 27°5 per cent of 





Diffuse anterior scleritis. Underlying sclera 


FIG. 4 
oedema could be detected only by first blanching 


sicollen COMHEUt sted epis lera with 1:1002 adrenaline 
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FIG. 6 


Necrotizing anterior scleritis. Superficially this 
patient appears to be similar to those shown in Figs 

4 and 5, but there is an avascular area adjacent to 

the limbus. If this is not treated, ulceration rapidly 
occurs similar to that in Fig. 7 


patients with necrotizing scleritis with inflammation 
and in 23 per cent of those without inflammation 
(scleromalacia perforans). 


Several types of response were noted. In some 


eves the inflammation remained localized to one 
small area, and, if not checked by treatment, 
resulted in almost total loss of scleral tissue from 
that area. More frequently the inflammation started 
in one area and spread in both directions. around 
the globe until the whole of the anterior segment 


FIG. 5 Abnormal, tortuous vascular 
channels which develop after recurrent 
attacks of diffuse anterior scleritis 


had become involved (Fig. 7). When the inflam- 
mation subsided, or was suppressed by treatment, 
transparent sclera remained. Complications did not 
supervene until the inflammatory process had pro- 
gressed through almost 360 degrees. Rarely the 
whole anterior segment became inflamed at one and 
the same time, and in some of these eyes areas of 
necrosis occurred which, if they had not been 
treated urgently, would have become sequestrated, 
exposing the underlying uvea. It was not, however, 
our experience that staphyloma (bulging of the 





FIG. 7 


Necrotizing anterior scleritis. Late stage of 
necrotizing scleritis. Inflammation is progressing around 
the globe, leaving an area of avascular necrotic sclera 
behind. Almost altvays these areas are crossed, as here, 
by a large vein which drains the limbal area on a thin 
bridge of normal sclera 


uvea into the scleral defect) occurred unless the 
intraocular pressure became raised above 30 mmHg 
and had remained high for a prolonged period. 

Avascularity of a patch of overlying sclera oc- 
curred in 27:5 per cent of the patients. These patches 
often occurred very early in the disease, and the 
condition must be treated vigorously if further 
necrosis is to be prevented. The eye was tender in 
40 per cent of these patients. 


SCLERITIS—NECROTIZING SCLERITIS WITHOUT 
ADJACENT INFLAMMATION (SCLEROMALACIA 
PERFORANS) (Fig. X) 


This condition was associated with long-standing 
rheumatoid arthritis in 46 per cent of patients. 
They presented without any subjective symptoms, 
the doctor or the patient having noticed either a 
greyish or vellowish patch on the sclera or, in 
more severe cases, areas of complete loss of tissue. 
Any inflammatory change was minimal. There 
was no reactive oedema because it appeared that 
the episcleral tissue overlying the defect had disap- 
peared, and elsewhere it was so thin as to be almost 
invisible. The number of vessels in the remaining 
episcleral tissue also appeared to be much dimin- 
ished, giving a porcelain-like appearance to the 
white of the eve when viewed from a distance. 
Altogether 40 per cent of the patients had more 
than one necrotic patch. We had the opportunity 
of watching some of these develop and the pattern 
seemed to be the same. The conjunctiva and 
remaining episclera might become suffused over à 
wide area or might remain unaltered. A demar- 


cation line would develop in the sclera, like a 
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circular crack, and the area inside this would take 
on a yellowish or greyish appearance and after a 
variable period would separate as a sequestrum 
together with the 
abnormal vessels surrounded and crossed the area, 


overlying  episclera. Large 
and where they crossed it near the limbus they 
left an area of about o:5 mm on either side of a 
relatively normal sclera. The resulting defect was 
covered by a very thin layer of connective tissue 
which appeared to be derived from the conjunctiva. 
Unless the intraocular pressure rose, no staphy- 
loma was seen. In no case was the eve tender to 
the touch, 


SCLERITIS— POSTERIOR SCLERITIS 


We were certain of the diagnosis in six cases 
(2:9 per cent), but it was suspected in several 
cases, and it was likely that others escaped our 
notice. Since there are no apparent external signs 
of posterior scleritis unless there is also an asso- 
ciated anterior scleritis, the presence of proptosis, 
exudative detachment and other fundus changes, 
including papilloedema, may mislead the ophthal- 
mologist to such an extent that the correct diag- 
nosis is never made. In view of this it is possible 
that the incidence of posterior scleritis may not be 
as low as indicated by the present series, as our 
patients were all referred from elsewhere. The con- 
dition was unilateral in four of the six cases 


PRESENTING FEATURES IN POSTERIOR SCLERITIS 


Symptoms. In all the patients there was extremi 
pain and tenderness 


FIG. & Necrotizing scleritts zeilltout 
inflammation (scleromalacta 

pei forans d lhmost ( omple fe 
dissolution of si leral collagen occurrin 
wtth little if anv surrounding 
inflammation in toman of OO vear 


cotth long-standing rheumatoid 


arthritis 
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Visual acuity. All eves except one showed some 
reduction in visual acuity. 


Fundus changes. In four of these patients there 
was an exudative retinal detachment associated 
with swelling of the optic disc and an anterior 
diffuse scleritis. The anterior scleral involvement 
Was minimal and had to be looked for carefully, 
but the retinal changes were typical. Areas of 
exudation occurred beneath the retina, giving the 
appearance of pale greyish-white spots with a 
surrounding dark greyish line that could be seen 
through the overlying serous detachment (Fig. 9). 








FIG. 9 Appearance of fundus after 
resolution of extensive serous 
detachment in patient with posterior 
scleritis who presented with 
diminution of vision, anterior 
scleritis, slight praptosis, and a 
diffuse leak early in dye transit on 
fluorescein angiography 


In the early stages there was a diffuse leak early 
in the dye transit on fluorescein angiography. 


Proptosis. Two patients presented with proptosis, 
a diffuse anterior scleritis, limitation of ocular 
movements, especially upwards, and retraction of 
the lower lid (Fig. 10) when attempting to look 
upwards. ‘This physical sign seemed to be specific 
for this condition and was presumably caused by 
infiltration of both the tendons and the muscle 
cone in the region of the posterior scleritis. Diplopia 
was also a presenting feature of posterior scleritis 
because of involvement of the muscles and tissues 


FIG. 10 Posterior scleritis. Retraction 
of left lower lid in patient scith 
posterior scleritis who also had severe 
limitation of ocular movements. Ocular 
movements became normal with 


within the muscle cone by the inflammatory 
process. All these features returned to normal 
after treatment. The exudative detachment in one 
patient disappeared within five hours of starting 
treatment. ‘The site of inflammation remained pale 
and white after the inflammation had disappeared, 
leaving some areas of pigment migration at the 
edges, giving the appearance of a high-water mark. 


EPISCLERITIS 


Simple and nodular episcleritis differed in their 
clinical signs, but in both, the oedema or infiltration 
were entirely within the episcleral tissue; the sclera 
itself was not involved. The episcleral vascular 
network was maximally congested, with some 
congestion of the conjunctival vessels and minimal 
congestion of the scleral vessels (Fig. 11). 


EPISCLERITIS—SIMPLE EPISCLERITIS 


The redness of the episclera was often very intense 


and was localized to one sector in 69 per cent of 


patients and generalized in 31 per cent. The epi- 
scleral vessels, although engorged, retained their 
normal radial position and architecture. The 
colour varied from fiery red to a mild red flush 
but did not have the bluish hue so typically seen in 
scleritis. 

In simple episcleritis there was a diffuse oedema 
of the episcleral tissue which was sometimes 
infiltrated by 
vellowish in red-free light. The depth of the 
oedema and its effect on the vascular plexus was 
best recognized by slit-lamp examination, using a 
narrow beam. The eve was tender to the touch in 


greyish deposits which appeared 


33 per cent of cases 
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FIG. 12 


confined fo episcleral l'issue and vessels retain then 


Nodular episcleritis. Swelling and oedema 


normal! architecture 


EPISCLERITIS—NODULAR EPISCLERITIS 

In contrast with simple episcleritis the oedema and 
infiltration of nodular episcleritis were localized. to 
one part of the globe, except in seven eves in 
which the redness was widespread. A nodule trom 
within the episcleral tissue, which was surrounded 
bv some congestion, was mobile on the underlying 
sclera and there was no involvement of the sclera 
in the oedema. The scleral plexus of vessels could 
be distinguished deep to the nodule lying flat on the 
sclera, which retained its normal contour (Pigs 11 
and 12). The nodules were usually single but were 
sometimes multiple, reaching the size of a large pea 
The eye was tender to the touch in 40 per cent 


Vascular changes in the episclera 


Although vascular changes were most unusual 1 
episcleritis, vessels that appeared to be abnorma 


FIG II E piscleritis thou uec p CUHSCHIIO?Y 
netevork is congested there ts no scleral swel 
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oedema and infiltration being confined to episcle 
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either in course or type were noted in 19 eyes 
with simple episcleritis and 1o eyes with nodular 
episcleritis. All these patients had had recurrent 
attacks at the same site for many years. One patient 
showed avascularity of the episcleral nodule which 
was thought to be due to the intensity of the oedema, 
as the vessels returned to normal as soon as treat- 
ment was given. 


Complications 


Complications of some sort were found in only 
I5 per cent of patients with episcleritis but ocular 
complications, other than simple increased scleral 
transparency or thinning, occurred in 57 per cent 
of all patients with scleritis. The complications 
looked for and analysed were: 

Fall in visual acuity 

Keratitis 

Cataract 

Uveitis 

Glaucoma 

Scleral thinning (and scleral defects) 


OON 


Fall in visual acuity 
SCLERITIS 


A total of 42 eyes (14 per cent) in patients with 
scleritis lost a significant amount of vision after 
the disease had been present for one year. 'T'his fall 
in visual acuity was attributed to cataract (five eyes), 
anterior uveitis (two eyes), and posterior uveitis 
(two eyes). The commonest reason for the fall in 
visual acuity was the association with keratitis 
(Table IV), particularly if this was accompanied 
by a uveitis. 


EPISCLERITIS 


' No patient with episcleritis had a fall in visual 
acuity during the period of follow-up. 


Table II Fall of visual acuity in scleritis 





Fall in visual acuity 
Total 2 lines or more during 





Type of scleritis no. of period of follow-up 
eyes (per cent) 
Diffuse anterior mg IS 
Nodular anterior 134. 7 
Necrotizing anterior 
With. inflammation 29 27 
Without inflammation 
(scleromalacia 
perforans) I3 3I 
Posterior 6 so 





Table IV Fall of visual acuity in scleritts due 
to keratitis 





No. of eyes with fall tn visual acuity 





Keratitis during follow-up 
Superficial 2 

Midstromal 3 

Deep o 

Guttering 3 

Others 5 

Keratitis 

SCLERITIS 


Corneal changes of a type characteristically seen 
in scleritis were observed in 29 per cent of patients. 
This keratitis can be serious, leading to permanent 
changes in the cornea; these are so characteristic 
that when certain types of sclerosing keratitis and 
lipid changes are seen in an eye which is otherwise 
normal, it can be inferred that the patient has had 
scleritis at some time in the past. 

Characteristic corneal changes were seen in 
each type of anterior scleritis and could be classified 
as follows: 


Nodular scleritis 


i. Localized stromal keratitis 
ii. Localized sclerosing keratitis 


Diffuse scleritis 


i. Acute stromal keratitis 
ii. Sclerosing keratitis 
iii. Corneal guttering 


Necrotizing scleritis 
i. Sclerosing keratitis 
ii. Keratolysis 


The incidence of keratitis in different types of 
scleritis is given in Table V. 


Acute stromal keratitis (Fig. 13) 


In the severe necrotizing scleritis of acute onset 
the cornea became oedematous and dense white 
infiltrates appeared within the stroma (Fig. 13). 
These were sometimes central and sometimes 
peripheral and might coalesce as the disease pro- 
gressed. If, in addition, there was anterior chamber 
activity, keratic precipitates adhered to the pos- 
terior corneal surface. The opacity was sometimes 
surrounded by a ‘precipitin’ ring. If the scleritis 
was treated vigorously with full doses of steroids 
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Table V Keratitis and vascularization of the cornea in scleritis 


eens ae 








Keratitis 
Total — —— 
Type of scleritis no. of Super- Mid- 
eves fictal stromal 
Ditfuse anterior 119 8 10 
Nodular anterior 134 6 14 
Necrotizing anterior 
With inflammation 29 4 4 
Without inflammation 
(scleromalacia perforans) 13 o 3 
Posterior 6 o © 
Total 301 is 11 


Corneal vascularization 
Gutter- 
Deep ing 


Super - Mid- 
Other ficial stromal Deep Other 


2 4 4 3 2 ; 2 
4 S 6 5 oO I 

2 4 1 2 i 

I 3 o I 1 2 
I o o © o © ö 
IO 16 13 I1 6 9 


ae 


these opacities could disappear without trace. More 
usually, however, linear opacities within the 
stroma remained and, if central, these impaired 
vision. 


Sclerosing keratitis (Fig. 14) 


The corneal opacities associated with scleral disease 
usually appeared less dramatically; the cornea 
adjacent to the swollen sclera became oedematous 
and vessels grew into this oedematous area. Vascu- 
larization never seemed to precede the oedema. 
Although these opacities usually occurred close to 
the limbus they could appear in the superficial and 
midstroma centrally in the cornea, having no 
obvious connexion with the site of the scleral 
disease. 

Whatever the type or site of the corneal lesion, 
treatment of the scleritis brought about resolution 





of the keratitis which might be complete or, more 
usually, the lamellae of the cornea were altered to 
leave thin linear opacities which looked exactly 
like the sugar crystals of ‘candy Hoss’ (Fig. 14). 
Crystalline (candy-floss) opacities were seen in 
23 patients with diffuse and another 23 patients 
with nodular scleritis, and five patients with necro- 
tizing scleral disease. This type of corneal change 
could not be correlated with vascularization or ans 
particular aetiological agent, Keratolysis was ob- 
served in four patients, all of whom had severe 
necrotizing anterior scleritis. ‘These opacities, once 
formed, never disappear. In very severe cases the 
opacification of the cornea progressed circum- 
ferentially until only a central clear area in the 
cornea remained, and even this area might disap- 
pear, resulting in a ‘scleralized cornea’. Corneal 
grafting was very successful in restoring the visual 
acuity in these patients. 


FIG. 13 leute stromal keratitis in 
scleritis. Dense white infiltration 1n 
cornea in same patient as in Fig. 9. 
Immune rings similar to those seen in 
Fig. 14 appeared round these lesions. 
All corneal signs, etc disappeared 
after treatment 
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Limbal guttering 


Guttering of the peripheral cornea was not infre- 
quently seen, particularly in patients who had 
severe long-standing rheumatoid arthritis. These 
gutters never extend more than 2 mm from the 
limbus, but may become circumferential and very 
thin, requiring grafting. Erosion of the deep stroma 
resembling ‘Terrien’s disease may also occur, and 
in one case this led to an expansion of the eve to 18 
dioptres of astigmatism in that axis, necessitating 
corneo-scleral grafting over the affected region 
(Fig. 15). 


Keratolysts 

The most severe corneal disease of all is keratolvsis. 
This was seen in only four patients, all of whom 
had very severe necrotizing scleritis, usually, but 
not invariably, accompanied by loss of scleral 
tissue. In this terrifying situation the whole 
stroma of the cornea disappeared with alarming 
rapidity (Fig. 16). The progress could have been 
stopped by full steroid therapy but only after very 
prolonged treatment would any corneal tissue have 
been re-formed. It was usual therefore to graft 
these eves when the scleritis had become well 
controlled or if rupture appeared imminent. 

Lipid deposition occurred in areas where the 
cornea had been damaged and at the inner edge of 
a long-standing corneal gutter. This was presum- 
ably because of interference with the usual flow of 


FIG. 14 Selerosing keratitis in 
scleritis. A 66-year-old woman with a 
t 3-vear history of recurrent bilateral 
diffuse sclero-keratitis with crystalline 
( candy-floss ) deposits in the deep 
strome and a 'precipitin ring’ around 
the infiltration at 12.0 o'clock. The 
vascularization ts passive. Vessels 
enter the cornea only at site of 
advancing edge of corneal change and 
at late stage in disease. Acute 
stromal keratitis zcill progress to 

this if left untreated 


these metabolites to the limbus and it was not a 
product of the corneal inflammation. 


Posterior corneal changes 


Although we have not analysed this series for it, we 
have recently come to recognize another pattern 
of corneal change in scleritis (Holt- Wilson and 
Watson, 1974), which presented as an interstitial 
keratitis indistinguishable from that seen in con- 
genital syphilis but which occurred in patients 
who had a mild scleritis and in whom the serological 
investigations were entirely negative (Fig. 17). 
Keratitis could be considered the sole reason for a 
severe fall in visual acuity in 13 eyes (4 per cent). 


EPISCLERITIS 


Minimal corneal changes were seen in I5 per cent 
of the patients with simple episcleritis and in I5 
per cent of those with nodular disease, but these 
were never severe. The oedema of the cornea 
occurred when the episcleral inflammation was 
close to the limbus and seemed to be a consequence 
of this adjacent inflammation. Keratitis was most 
common in the superficial and midstromal layers 
of the cornea in both varieties. Some localized 
corneal guttering occurred in six eves after recur- 
rent attacks in the same area for many months. 
Vascularization of the cornea occurred in six eves, 
the vessels being deep in three, midstromal in one, 








2" 

FIG. 16 ©Keratolysis. Severe necrotizing changes in 
both cornea and sclera which occurred in a period of 
five weeks in a 74-vear-old woman, Systemic steroids 
suppressed inflammation and both cornea and sclera 
cere grafted successfully 


and superficial in two. No serious complications 
were found in any of the patients studied. 


Cataract 
SCLERITIS 
Cataracts were detected in only 22 eyes, 7 per cent. 
These were bilateral and senile in type in 15 eyes, 
In 12 eves the cataract was noted to have become 
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FIG. 15 Limbal guttering in 
scleritis. A 24-year-old man with a 
IOo-vedr histor) of unilateral scleritis 
localized to area af sclera beticeen 
12.0 and 2.0 o'clock. Cornea in area 
has become guttered and produced a 
*"Terrien'-like change. This area 
required grafting (Fig. 19) because 
of rapidly increasing expansion of 
globe in this axis 


worse during the course of the disease, All these 
patients were between the ages of 55 and So years 
and all had serious scleral disease. In only three 
patients (five eyes) with an associated long- 
standing anterior uveitis was 1t felt certain that the 
sclero-uveitis was responsible for the cataracts. 
In two of these patients it was particularly notice- 
able that the cataract had developed rapidly once 
the scleritis had involved the sclera through 360 

Three of these cataracts have required extraction, 
The sclero-corneal wound has healed normally 
after cataract extraction in spite of continuing 
active scleritis in the area of the wound. One 
eve developed a steroid-induced cataract after 





Table VI  Keratitis in episcleritis 
Type of keratitis 
Episcleritis - — 
Mid- 
Superficial stromal Deep Guttering 
Simple 7 14 3 s 
Nodular 2 4 
Corneal 
vascularization 2 3 i 


pap pÓ0g un — — OÀrs————— 


NB Some eves showed more than one type of keratitis 
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prolonged local steroid treatment. Five eves in 
which cataract developed also showed a severe 
long-standing anterior uveitis. 


EPISCLERITIS 


Eight patients, six of whom were over 60 years old, 


were found to have cataracts. However, in none of 


these patients did the cataract progress during the 
period of follow-up, nor were the cataracts worse in 
the eyes with episcleritis. One patient had developed 
a typical steroid cataract from prolonged local steroid 
treatment before we saw him. No correlation was 
found between episcleritis, uveitis, or cataract. 


Uveitis 
SCLERITIS 
Anterior uveitis 


There was evidence of anterior uveitis in 30 per cent 
of all the eyes with scleritis. It was found univer- 
sally in those patients with scleromalacia perforans 
(Table VII). However, it did not always occur in 
those with necrotizing scleritis, nor was there any 
particular correlation between the presence of an 
anterior uveitis with any particular disease. When 


G. 17 Deep stromal corneal 
changes as seen in group of young 
patients with diffuse anterior 
scleritis. When vessels enter cornea 
they do so adjacent to Descemet's 
membrane, giving the appearance of 
a syphilitic interstitial keratitis 


an anterior uveitis did occur it tended to be long- 
standing and intractable. 

The distribution was evenly divided between 
unilaterally and bilaterally affected eyes. Only two 
patients developed a uveitis in the other, apparently 
unaffected, eve. 


Posterior uveitis 
All the patients with posterior scleritis had posterior 
uveitis, but posterior uveitis was also found in those 
who had an anterior scleritis (Table VIII). 

In two of the patients with nodular anterior 
scleritis, and in three of those with necrotizing 
disease, discrete areas of subretinal exudation 


Table VII Anterior uveitis in scleritis 
—————————————— ———Á— 
Anterior uveitis 
(per cent) 


Type of scleritis Eves 





Anterior 


Diffuse 119 35 
Nodular 134 7 
Necrotizing 20 37 
Scleromalacia perforans 13 100 
Posterior 6 66 
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Posterior uveitis 
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medication for control of the intraocular pressure. 
None of these patients has vet required surgery. 


Type of scleritis Eves (per cent) No patient with posterior scleritis had glaucoma. 
ae Cee We pedi ree s One patient developed a steroid glaucoma which 
Anterior has required continuous medication for its control. 

Diffuse 119 13 

Nodular 134 3 

Necrotizing 29 17 EPISCLERITIS 

Scleromalacia perforans 13 23 Glaucoma was detected in nine eyes (4 per cent). 
Posterior 6 100 
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could be seen at the periphery of the fundus with a 
‘high-water mark’ of retinal and subretinal oedema 
around the patches of exudation. One patient 
developed an annular choroidal detachment at 
the height of the scleritis. 


EPISCLERITIS 


No severe uveitis occurred in this series. Mild 
uveitis, detectable on the slit-lamp by an increase 
in the number of cells in the anterior chamber and 
a mild aqueous flare, was found in 12 eyes. In 
two unilateral cases, flare and cells were noted in 
the unaffected eve. No correlation between corneal 
involvement and uveitis was detected. 


Glaucoma 
SCLERITIS 


Glaucoma was present in 35 eyes (11:6 per cent), 
of which 20 per cent showed associated keratitis. 

Of the patients with secondary glaucoma nine 
had no abnormality other than scleritis, seven also 
had keratitis, and six uveitis. 

Secondary glaucoma often accompanies severe 
anterior scleritis, the cause apparently being due 
to obstruction of the outflow channels by oedema 
because the intraocular pressure falls and the out- 
flow of aqueous rises as soon as the scleritis comes 
under control with systemic treatment. Six patients, 
who had anterior synechiae and a long-standing 


Table IX Glaucoma in scleritis 


Two patients were known to have chronic open- 
angle glaucoma before the onset of the episcleritis. 
Five eyes had developed a steroid glaucoma from 
prolonged administration of local steroids. In no 
instance could the glaucoma be attributed to the 
episcleral inflammation, although there was corneal 
involvement in one eye. 


Scleral thinning 


When the sclera looked blue in the daylight when 
contrasted with surrounding white sclera this was 
regarded in our analysis as scleral thinning. The 
sclera in many of these patients had become 
transparent rather than thin; however, the blue 
patch appeared only in cases in which there had 
been active disease. The change in transparency 
was usuallv not apparent during the active stage of 
the disease but it was observed at the site of recur- 
rent simple or nodular episcleritis in 19 eves 
(8 per cent), and in 36:5 per cent of eyes affected 
with scleritis, during the period of follow-up. 

After repeated attacks of episcleritis, particularly 
if these occurred at the same site, the sclera might 
become transparent but not thin. Similarly in 
diffuse and nodular scleritis the sclera might 
become transparent with the blue choroid showing 
through. This was easily seen in daylight and 
could be used as an indication of previous scleral 
inflammation. Ectasia and destruction of scleral 
tissue occurred only in necrotizing scleritis. This 
could take the form of an avascular area appearing 
in the centre of an area of scleritis, which then 
broke down to form a slough and eventually to 
leave an area of thinning. 
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Total with Primary Primary Steroid- 

Type of scleritis Total glaucoma open-angle closed-angle Secondary induced 
Diffuse anterior IIQ 12 6 o 6 o 
Nodular anterior 134 I1 6 o 5 o 
Necrotizing anterior 29 8 2 o 5 t 
Scleromalacia perforans 13 4 o o 4 o 
Posterior 6 o o o o o 

301 45 14 Oo 20 i 
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Table X Scleral thinning or transparency in scleritis 





Type of inflammation Total no. 





of eves 

Episcleritis 

Simple 170 

Nodular 47 
Scleritis 

Diffuse anterior 119 

Nodular anterior 134 

Necrotizing anterior 209 

Scleromalacia perforans 13 

Posterior 6 


FA 


es with thinning 








Total incidence 





Localized Generalized [per cent) 
12 3 9 
+ o 9 
23 I5 32 
35 2 25 
it 1O 69 
7 6 100 
I o 16 





In the type of necrotizing scleritis which pro- 
gressed around the globe, the area behind the 
advancing edge could become extremely thin, 
and sometimes melted away altogether. In the 
variety of necrotizing scleritis without inflammation 
(scleromalacia perforans), the episclera was usually 
extremely thin (Fig. 8), and the underlying sclera 
would become white, develop a demarcated margin, 
and then become sequestrated. The conjunctiva and 
thin episclera overlying this process might be 
slightly congested but this was by no means always 
the case. A combination of A- and B-scan ultrasound 
could be used to distinguish between thinning and 
increased transparency—A-scan being used to esti- 
mate the thickness and B to locate the lesion. 


Scleral defects (Fig. 18) 

Scleral defects, as opposed to scleral thinning or 
increased scleral transparency, were seen only in 
the severest forms of necrotizing disease. When the 





FIG. 15 


Scleral defect. Scleral defect occurring in 
patient with severe necrotizing scleritis. Ciliary body is 
exposed but no staphyloma occurs unless intraocular 
pressure rises above 40 mmHg 


necrotizing disease was associated with inflamma- 
tion, the episclera became avascular, overlying the 
area which would eventually become sequestrated. 
‘Treatment at this stage would prevent sequestration. 
In scleromalacia perforans sequestration might take 
place without any warning. The loss of tissue in 
either condition might involve only a part of the 
scleral thickness. 

Sequestration occurred in 22 eves (7 per cent). 
Loss of tissue took place in 41 per cent of eves with 
necrotizing disease associated with inflammation, 
and in 77 per cent of those without inflammation. 
The rest of these eyes developed severe thinning 
without sequestration. Of eyes with scleral defects 
59 per cent also had keratitis, although this was 
accompanied by a loss of corneal tissue (keratolysis) 
in only three eyes (Fig. 16). No scleral defects 
developed in patients who had episcleritis or any of 
the less severe forms of scleritis. 


Associated systemic diseases 


The incidence of the various systemic conditions 
detected in this series is summarized in Table XI. 

In eyes where scleritis and episcleritis 
existed, the area of severe damage occurred where 
the sclera was involved, and not where the episclera 
was inflamed without deep involvement. 

We have observed, however, that the patients 
with herpes zoster ophthalmicus developed an 
episcleritis at the time of the vesicular eruption. 
The episcleritis disappeared as the skin condition 
subsided. ‘Three patients developed a 
nodular scleritis two or three months later at the 
site of the original lesion. This does not imply 
that the episcleritis progressed to the scleritis, 
because there was a distinct interval between the 
two episodes during which the eye was apparently 
normal. Since making this observation we have 
studied a further 20 patients who were not included 
in this series presenting with herpes zoster ophthal- 


cO- 


severe 


Scleritis and episcleritis 18% 


Table XI Incidence of associated systemic diseases in episcleritis and scleritis 
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Disease 


Rheumatoid arthritis. 
Ankylosing spondylitis 
Psoriatic arthritis 
Systemic lupus 
erythematosus 
Periarteritis nodosa 
Systemic vasculitis 
Wegener’s granulomatosis 
Relapsing polychondritis 
Rheumatic heart disease 
Palindromic rheumatoid 


Associated with hypersensitivity 


disorders 
Erythema nodosum 
Severe asthma or hay fever 
Erythema multiforme 
Henoch-Schónlein purpura 
Penicillin sensitivity 
Contact dermatitis 
After desensitization 

vaccination 

Rosacea 


Associated with granulomatous 
conditions 
‘Tuberculosis 
Active 
Inactive 
Syphilis 


Associated with virus infection 
Herpes zoster 
Herpes simplex 


Associated with metabolic 
disorders 

Gout 

Other associated conditions* 


*In simple episcleritis one patient had regional ileitis 
In diffuse anterior scleritis ro patients had other diseases- 
fragilitas osseum (1), thyrotoxicosis (1), degenerative osteo 
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orbital granuloma (1), essential hypertension (33. postirradiation to other eye fel, 
arthritis (2), ankylosing spondylitis (1) 


In nodular anterior scleritis seven patients had other diseases-—for example, Cogan's syndrome (3), thyraraxicosis € z), ophthalmia nodosa (1) 


hypertension (1) 


One patient with necrotizing scleritis had hypertension as the on 


systerme vasculitis 


micus and episcleral disease. This phenomenon of 
late appearance of scleral disease was observed in 


seven of the 20 patients (35 per cent). 


Laboratory investigations 


The various laboratory investigations carried out in 
these patients are mentioned on page 165. 


ly other systemic disease. "here was no other evidence of a generalized 


In the latter part of the series plasma protein 
estimations and electrophoresis were performed 
routinely in all patients with scleritis, and an mm- 
munological survey performed by the Immunology 
Department of the University of Glasgow. Although 
these results apply only to those patients who were 
seen during the last nine months of the analysis, 
they are shown in Table XIII because they showed 
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Table XII Laboratory investigations : abnormal 
findings in patients 





Episcleritis Scleritis 
Test ets: Sl 
No. (per cent) No. (per cent) 
Erythrocyte sedimen- 
tation rate 22 14 96 37 
White blood count 7 4 I4 7 
Latex test for 
rheumatoid factor 12 7 28 13'5 
Wassermann reaction I o6 6 3 
Uric acid I$ 4x13 14 7 





that a more sophisticated survey would reveal 
evidence of immunological abnormality not re- 
vealed by routine laboratory testing. 

Of the 48 patients with scleritis, 27 (56 per cent) 
had some positive result in the immunological test. 
Eight patients had more than one positive result. 
These are presented with a control series of 30 
patients matched for age and sex, with eye disease 
but with no scleral or uveal involvement. 

Of the 12 patients with a positive result in the 
rheumatoid arthritis latex agglutination test, only 
two had clinical rheumatoid arthritis. 


Skin tests 


Intradermal or prick tests—inhalant, mould, fabric, 
dusts, and pollens—were performed in 30 patients 
with episcleritis, particularly those who gave some 
history of allergy. Mild reactions were detected 
to several agents in eight patients, but no overall 
pattern of allergic response as judged by this 
response could be detected. Two patients gave a 
history of a flare-up of episcleritis when in contact 
with printer's ink. ‘The results of intradermal, patch 
and prick tests were negative, but vapour exposure 
produced flushing of the episclera. 


X-ray examination 

X-ray examination of the chest and sacro-iliac joints 
was carried out routinely in all patients with 
Scleritis unless there was some contraindication. 
The seven-day rule with regard to ovulation was 


‘Table XIII Tissue antibody responses 


applied. Other examinations were carried out if 
indicated. Of patients in this series 42 per cent 
were intensively investigated by Fowler (1970), 
who found sacro-iliac abnormalities in seven, of 
whom three had definite ankylosing spondylitis. 
Only one patient had symptoms which would 
have led to this diagnosis without specific examina- 
tion. 


Electrodiagnostic investigations 


Electro-oculograms (EOG) were performed initially 
in all patients; later in the series they were per- 
formed if the patient had severe disease or posterior 
scleritis. In 71 consecutive patients with episcleritis 
and scleritis presenting in the scleritis clinic, 13 
had subnormal EOGs in the affected eye. All but 
one of these patients had scleritis but this was not 
severe in every case. The other patients had re- 
current episcleritis and glaucoma. 


Tissue biopsy 


Biopsy of scleral tissue is not recommended unless 
there is great difficulty in diagnosing the eye 
condition or the underlying systemic disease. 
Episcleral biopsies were performed on three 
patients to try to elucidate the underlying disease. 
Two showed infiltration of the tissue with chronic 
inflammatory cells including occasional plasma 
cells, but no changes specific to any other disease. 
One revealed a lymphomatous infiltration of the 
episclera. 


Treatment (see pages 187 to 189) 


The various medical treatments given for scleritis 
and episcleritis are summarized in 'lables XIV 
and XV. Recently oxyphenbutazone (Tanderil) 
ophthalmic ointment has been used in episcleritis 
and has been the subject of a double-blind controlled 
trial (Watson, McKay, Clemmett, and Wilkinson, 
1973), but it was not used in the patients im this 
series. 


Surgical treatment 
Three cataracts have required extraction in the 





Rheumatoid 
Zntinuclear factor 
Patients factor (latex) Rs 
Scleritis (48) 3 12 2 


Thyroid Tanned Smooth Gastric Raised 


antibody RBC muscle parietal y-globulin 
2 4 6 4 
o I 2 o 


"Control (30) o o o 





presence of active scleritis, No complications 
followed these operations. 

Four patients have had corneo-scleral grafts for 
descemetocele formation, expansion of the globe, 
increasing corneal guttering, and threatened per- 
foration (Fig. 19). All have done well. 

Two patients were given scleral grafts to cover 
thin sclera. The graft remained in place in one; 
in the other patient the graft became involved by 
scleritis and eroded away, leaving the choroid 
covered by a thin layer of conjunctiva. ‘The course 
of the scleral disease was not influenced by the 
grafting. 


Table XIV Treatments given in episcleritis 


AUMAMVIVVRRIRIUANUNUAARAREUENUUBEDOAUURIEAPEHAU AOAR 


Simple Nodular 

Treatment episcleritis episcleritis 
Not known 2 3 
Placebo 6 o 
Local prednisolone drops 8o 17 
Systemic prednisolone 2 1 
Systemic sintisone 3 2 
Systemic other steroid o o 
Systemic antibiotics o o 
Systemic oxyphenbutazone — 22 2 
Systemic indomethacin 2 2 
Other systemic treatment 

for example, aspirin 4 I 
Local steroid with 

systemic steroid IO 4 
Local steroid with systemic 

oxyphenbutazone 17 9 
Local steroid with systemic 

indomethacin 5 o 
Other antibiotics 17 6 


DNRT 


Table XV Treatments given in scleritts 
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Enucleation 


Scleritis is a serious condition and even if fully and 
carefully treated can lead to the loss of the eye, as 
indeed happened in three of the patients in this 
series. Only one of these patients was seen early in 
the disease and she was not able to tolerate steroid 
treatment; the eye was removed for intractable 
pain after the necrotizing disease had spread 
inexorably around the globe. The vision was pre- 
served until the last area of undamaged sclera 
became involved, but then fell rapidly from 6/18 to 
hand movements within a week. Another eve was 
removed because it was blind and extremely painful. 
The third patient had severe keratolysis and 
necrotizing scleritis with loss of corneal and scleral 
tissue when first seen. Attempts at covering these 
defects by grafting failed and the eye was eventually 
removed. 


Follow-up 


Of the 159 patients with episcleritis and the 207 
patients with scleritis, 146 (91 per cent) and r80 
(go per cent), respectively, have been followed-up 
during a period of between one and eight. years 
(mean 5'8 years). All the patients who had not 
attended the clinic for six months and had had the 
disease for at least one year were sent a question- 
naire in an attempt to determine the recurrence 
rate. Altogether 332 patients, of 366 who were 
circularized (91 per cent), replied to the question- 
naire or returned to the clinic for follow-up. 

In cases in which scleritis was seen in the initial 
stages and fully treated the recurrence rate Was 
only 20 per cent. T'he recurrence rate was higher in 
those patients with anterior diffuse scleritis than 


we POR PrIOP 


Seleromalacia 


Nodular Necrotizing 
perforans 
7 © o o 
o o o o 
34 o i o 
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Anterior 
Treatment 
Diffuse 

Not known 2 
Placebo o 
Local steroid 22 
Systemic prednisolone 10 
Systemic sintisone 7 
Systemic antibiotics o 
Systemic oxyphenbutazone 4 
Systemic indomethacin 4 
Other systemic treatment 1 
Local steroid with systemic steroid 19 
Other systemic steroid o 
Local steroid with systemic oxyphenbutazone — 17 
Local steroid with svstemic indomethacin 4 
Other combinations 26 


| 
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with any other variety. The recurrences were also 
more severe in scleritis than episcleritis, 60 per 
cent of them requiring further hospital treatment, 

It is important to follow up those patients with 
necrotizing disease because the disease can continue 
to progress when they are symptom-free, and they 
mav require continuous treatment even when the 


disease is quiescent. 

In episcleritis, however, each attack is self- 
limiting and usually clears without treatment. This 
has been confirmed in a double-blind controlled 
trial (Watson and others, 1973) in which each 
attack varied from a few hours to several days, the 
average being about seven days. Episcleritis was 
most common in the interpalpebral region, often 
changing from one side to the other with each attack. 
However, some patients always developed the 
inflammation at the same site although recurrences 
of both episcleritis and scleritis could occur up to 
30 years after the onset of the disease (Table XVII). 

Two-thirds of the patients had recurrences up to 
six vears after the onset of the disease, but after 
this the recurrence rate fell. We found that there 
was often a considerable interval between the onset 
of the disease and the first attendance of the 
patient, who often came onlv because of apprehen- 
sion caused by the recurrent attacks rather than 
the severity of the symptoms. 


Deaths (Table XIN) 


Of the 14 patients who were known to have died 
during the period of follow-up, only two had 
episcleritis. One died as a result of a road accident, 
and the other committed suicide. Of the remaining 


PIG. 19 Overlay corneo-scleral 
lamellar graft on same patient as in 
Fig. 15 whose astigmatism was 
reduced from 15D to 6D by this 
procedure, Grafting only adds 
supporting tissue and does not affect 
underlying pathology 


patients, six (43 per cent) had had necrotizing 
scleral disease, one diffuse anterior scleritis. and 
five nodular scleritis. None of the patients with 
scleromalacia perforans was known to have died 
during this period, although many of these patients 


Table XVI Duration of disease 
——— 


Months Years 
Disease = m 

6 IN 3 6 IO 1$. 20 30 
Episcleritis 6 35 24 T7 1$ 29 O g 
Scleritis IO 34 24 19 6 ! o 6 


Table XVII Percentage of recurrences 


sess 
Both eves 


Recurrence Total Same Other Simul- At diferent 


taneously times 


eve eve 
Episcleritis 64 46 5 27 22 
Scleritis 60 45 4 11 L3 


Table XVIII Severity of recurrences (per cent 


_—— sss 


Treatment needed 


Disease Nut E Hv 20H Hv self- 
severe hospital doctor medication 

Episcleritis 31 3^5 26 4 

Scleritis 27 bo 13 I 


 —————  Á—— a —ÁÓ— HBa$ 
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Table XIX Cause of death in the 14 patients who died during the period of follow-up 











Diffuse connective-tissue disease 


Old herpes zoster ophthalmicus 
Old herpes zoster ophthalmicus 


Cause of death 


Coronary thrombosis 


Bronchopneumonia 
Cerebral haemorrhage 


Cerebral haemorrhage 
Congestive heart failure 


Bronchopneumonia 


Gastrointestinal haemorrhage 
Coronary thrombosis 
Myocardial infarction 
Myocardial infarction 
Myocardial infarction 
Stabbed to death 

Suicide 


Patient Sex Type of scleritis General conditions 
I Female Necrotizing Rheumatoid arthritis 
Cardiovascular disease 
2 Female Necrotizing Rheumatoid arthritis 
3 Male Necrotizing 
Chronic nephritis 
Hypertension 
4 Female Necrotizing Hypertension 
5 Female Necrotizing Bronchitis 
Emphysema 
6 Male Necrotizing Pulmonary tuberculosis 
Emphysema 
Bronchiectasis 
7 Male Diffuse anterior Polyarteritis nodosa 
8 Male Nodular Rheumatoid arthritis 
9 Male Nodular 
IO Male Nodular 
11 Male Nodular 
I2 Male Nodular 
13 Male Nodular 
14 Male Simple episcleritis 





had long-standing rheumatoid arthritis and were 
generally unwell at the time of their initial exami- 
nation. Unfortunately three of these patients 
were not found for follow-up and might well have 
died in the interim, Of those who died of natural 
causes, 54 per cent had necrotizing disease, and 
27 per cent of the patients with severe necrotizing 
scleritis were dead within eight vears of the onset 
of the scleritis. 

Five of the patients who died were known to 
have had diffuse connective-tissue disease; 21 per 
cent of all those with connective-tissue disease in 
this series. Another had hypertension and, it was 
thought, could have had a systemic vasculitis. As no 
necropsy was performed this could not be confirmed. 


Discussion 


While scleritis is an uncommon disease, accounting 
for only o-o8 per cent of new referrals to eve 
departments (Williamson, 1974), of those with the 
necrotizing disease 21 per cent died within 
eight years of the onset. The presence of scleritis 
may therefore portend serious systemic disease. 
Early diagnosis may lead to early treatment of the 
general condition, prolonging and probably im- 
proving the quality of life for these patients. 

In our present series 46 per cent of the patients 
with scleritis had a known associated systemic 
condition. Of these, 15 per cent had definite 
connective-tissue disease, confirmed by a rheuma- 
tologist (Table XI). This incidence has recently 
been confirmed in an analysis of a further 88 
patients with scleritis, in whom the incidence of 


Road accident 





associated systemic disease was 42 per cent, of 
which rs per cent consisted of connective-tissue 
diseases. 

It has been suggested in the literature (Duke- 
Elder and Leigh, 1965) that rheumatoid. arthritis 
is the commonest single associated condition, but it 
was found in only ro per cent of our patients, 
Scleritis also occurs in association with other 
connective-tissue diseases-—systemic lupus erythe- 
matosus, polvarteritis nodosa, relapsing polychon- 
dritis, Wegener's granulomatosis-—thus reflecting 
the collagenous nature of the tissue of which the 
sclera is composed. Altogether 31 patients (15 per 
cent) were found to have manifest connective-tissue 
disease; in seven of these the scleritis was the 
presenting feature. In 19 other patients there were 
conditions thought to have been immunologically 
induced, including two who had ervthema nodosum. 
A total of 40 had positive latex agglutination tests 
for rheumatoid arthritis and a positive antinuclear 
factor, and if all the immunological tests are in- 
cluded, 72 patients (35 per cent) in the series tested 
had some abnormality of this type. 

It seems that necrotizing scleral disease repre- 
sents a different phase of scleritis in certain patients. 
In some patients who have had recurrent scleral 
disease for many vears the scleritis has changed in 
type, coinciding with a change in the character of 


the systemic disease—for example, the onset of 
vasculitis in rheumatoid arthritis and renal disease 
in systemic lupus erythematosus. [In other 


patients the onset of disease is ‘malignant’ wi! 
progressive and inexorable destruction of scler. 
tissues if treatment is not adequate. The mortality 


fa 
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in this group is very high. Finally, there appears to 
be yet another type of scleral disease, scleromalacia 
perforans, which is almost completely confined to 
women, half of whom have long-standing rheu- 
matoid arthritis. In these sequestration of the 
sclera occurs without warning and little, if any, 
inflammation. This type of scleral reaction is neither 
the same as that found in other forms of scleritis 
nor does it necessarily have the same pathogenesis. 

A biopsy is contraindicated in scleral disease 
because the sclera does not heal easily—a fact well 
known to surgeons performing detachment opera- 
tions a few years ago when scleral surgery was the 
rule. Large scleral nodules often contain pultaceous 
material which, if released, exposes the underlying 
choroid, but they may heal with fibrosis if left alone 
(Watson, 1974). Much of our knowledge of the 
underlying processes has therefore to be derived 
from the few biopsy specimens which have become 
available, and from those eyes which have been 
enucleated for severe disease (Sevel, 1967; Verhoeff 
and King, 1958; Anderson and Margolis, 1952; 
Francois, 1970; Henkind, 1974). This unfortunately 
means that we can find out little about the disease in 
most of the patients other than what can be deduced 
from their clinical examination and serological in- 
vestigations. Biopsy of the episcleral lesions showed 
oedema, separation of the episcleral fibres, infiltration 
with lymphocytes, and some cuffing of the vessels. 
Henkind and Gold (1973) observed a rheumatoid 
nodule in the episcleral tissue but we have not seen 
this. It is certain, however, that the changes typical 
of rheumatoid nodules occur in the sclera in certain 
patients with necrotizing scleritis and rheumatoid 
arthritis. More typical, however, is a granulomatous 
reaction in the sclera, similar to that found else- 
where in the body in connective-tissue disease, the 
predominant feature being fibrinoid necrosis. 
Similar lesions can be produced in animals with the 
Schwartzmann reaction. It was probable therefore 
that in many cases the altered immunity in the 
patient was the underlying cause of this condition. 
The sclera is also involved in gout, in which the 
response is due to inflammation caused by pro- 
teolytic enzymes released from polymorphs which 
have ingested uric acid crystals. 

The chronic granulomatous diseases of bacterial 
origin have also been quoted as a cause of acleritis 
(Duke-Elder and Leigh, 1965). We saw only two 
patients with active pulmonary tuberculosis and 
scleritis, although ancient photographs and histo- 
logical sections make it clear that this was a much 
commoner condition when tuberculosis was severe 
and less easily treatable. We have not knowingly 
seen scleritis in association with sarcoidosis. 

Syphilis, however, can present as a acleritis. 
Four patients have presented in this way with the 
eye changes as their only symptom. They were 


found to have severe active syphilis with a positive 
cerebrospinal fluid serological result, The scleritis 
disappeared when the syphilis was fully treated. 
Altogether 14 patients had a positive Wassermann 
reaction in this series, seven presented with simple 
episcleritis and the others with a diffuse anterior 
and nodular scleritis. The scleritis associated with 
syphilis and tuberculosis was in no way different 
from the other forms. 

The aetiology of episcleritis is even more un- 
certain. However, two patterns are apparent. Most 
patients have intermittent bouts of moderate or 
severe inflammation at intervals of one to three 
months, lasting seven to ten days and occurring 
much more commonly during the spring and 
autumn than in the summer or winter. Only rarely 
can any certain precipitating factor be found, the 
attacks usually being related to family upsets and 
worries at work. Occasionally, however, a clear 
history of exogenous sensitization is given-—for 
example, contact with printer's inks, In one instance 
the patient had only to be inside the printing works 
for his eyes to flare up; exposure to the vapours 
of the ink also produced an attack under hospital 
conditions, but skin tests gave negative results. 11 per 
cent of patients with episcleritis had recurrently high 
serum uric acid values (more than 6:5 mg per cent on 
three readings), and 7 per cent had clinical gout. 
I2 per cent also had a history of asthma and hay 
fever; only one patient related the attacks to 
menstruation. Two patients developed episcleritis 
after a desensitization vaccination. 

The second group of patients gave no history of 
periodicity but rather of mild, prolonged attacks 
of inflammation. Into this category came almost all 
those patients who had some other intercurrent 
disease. Seven patients had a positive Wassermann 
reaction (one with active syphilis), four had mild 
rheumatoid arthritis with a positive rheumatoid 
factor but only a few joint symptoms, and two had 
erythema multiforme; the others had active tuber- 
culosis, Henoch-Schónlein purpura, or rosacea. 
Herpes simplex virus has been grown from one 
lesion. The appearances of the episcleritis did 
not differ in these two groups, and in neither 
did the episcleritis progress to a scleritis except 
in those patients with herpes zoster who have 
already been discussed. General physical examin- 
ation and chest x-ray failed to reveal.any evidence 
of focal sepsis. 

Herpes zoster involves both the cornea and 
sclera. As already discussed, an episcleritis may 
occur in the early vesicular stage of the disease, 
disappearing completely and then presenting as a 
deep localized scleritis at the site of the original 
lesion some two to three months later. Alternatively 
the sclera may be involved early in the disease, in 
which case a nodular scleritis is the rule. 


Clinical gout was found in five patients who 
presented with episcleral and scleral disease, and 
32 had raised levels of uric acid on more than one 
occasion. The serum uric acid is a notoriously un- 
reliable test and a single positive recording should 
not be taken as indicative of underlying gout. It was 
observed that those patients with clinical gout and 
scleral and episcleral disease had deposits of uric 
acid beneath the conjunctiva around the anterior 
ciliary vessels at the plica. It was hoped that this 
could be used as a diagnostic sign, but deposits 
which look almost identical are frequently seen in 
patients whose serum uric acid is normal. 

It could be suggested that this group of patients 
with episcleritis may represent the earlier stages of 
a benign form of scleritis. If this was so, one would 
expect a significant number of cases to progress 
from episcleritis to scleritis, but during the eight- 
year period of follow-up we did not see this. We 
did see three patients who had episcleritis in one 
part and scleritis in another part of the same 
eye. However, it is an interesting and definite 
observation that the episcleritis did not progress 
to scleritis even during a prolonged follow-up. 
We feel that this suggests that episcleritis and 
scleritis are two different types of reaction to a 
similar antigen within the different tissues. Thus the 
fact that the episclera 1s involved in the course of 
the disease does not mean that the underlying 
sclera would become involved, even after a long 
period of time. We have, as yet, no definite evidence 
that scleritis is an autoimmune disease, and the 
evidence presented in this paper is only circum- 
stantial. Equivalents of Koch's postulates which 
need to be satisfied for auto-immune disease are 
as follows (Glynn, 1974): 

1. There must be a specific antigen. It may not 
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be from the tissue involved in order that 
complexes may be formed elsewhere, In 
general, one would expect the antigen to 
be found at the site of the lesion, for instance 
the thyroid antigen in autoimmune thyroiditis. 
It should be possible to: 

2. Extract the antigen. 

3. Reproduce the disease 1n some experimental 
animal. 

4. Demonstrate specific antibodies to the antigen 
or specifically sensitize cells reacting with 
antigen. 

We were not able to fulfil these postulates partly 
because of the undesirability of obtaining biopsy 
tissue in our patients, and because of uncertainty that 
the disease produced in animals was of the same 
nature. However, the circumstantial evidence from 
the well-proven association with known connective- 
tissue disease is strongly suggestive that this is a 
manifestation of immune complex disease in a 
large number of cases. In herpes zoster ophthal- 
micus and gout the precipitating cause is known, 
but until more is known about the precipitating 
factors of the immune-complex disease we are not 
justified 1n making any further conclusions. 

Whatever the pathogenesis might be, we found 
that by careful differential diagnosis we were able 
to treat the disease appropriately and adequately 
so as to prevent a serious destructive change 
taking place in the eve. The differential diagnosis 
of scleritis and episcleritis is summarized in 


Table XX. 


TREATMENT 


Apart from the very few patients in whom a 
specific bacterial or viral agent could be found to 


Table XX Cardinal features in the differentiation of scleritis from episcleritis 
BAANT ARATTA ALB DAQUAMRAHUQUNRAU ABD ULLA MEBELAPCLUY erm NERE 
Episcleritis Selerttts 
Anterior 
d a E E a ined sea Me a a RE LE a a. OTEO 
Scleramalacta 
Simple Nodular Nodular Diffuse Necrotizing perforans 
Onset Sudden Usually Gradual Gradual Gradual Insidious Crradual 
sudden 
Redness Bright red Red Dusky red Bluish red Bluish red Very slight Variable 
Pain Slight Slight Moderate, Moderate, Severe, Slght.ifany Severe, 
localized localized localized and localized and localized and localized and 
referred referred referred referred 
Photophobia and Occasionally Occasionally Occasionally Occasionally Common None linusual 
lacrimation 
Vascular changes Superficial Superficial Superficial and Superficial and Superficial and Avascular area Superficial 
episcleral episcleral deep episcleral deep episcleral deep episcleral and deep 
and occasionally episcleral 
avascular patch 
Chemosis Occasionally Rare Rare Common Vanable Absent Common 
Scleral thinning or Rare Rare Common Common Common Always Rare 
transparency l p . : 
Visual acuity Normal Normal Normal Occasional loss Common loss Common loss Very common 


loss 
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have caused episcleritis or scleritis, the treatment 
is suppression of the inflammation in order to 
relieve the discomfort and prevent the destructive 
changes which may accompany the inflammation. 
Treatment, which must be continued until the 
disease has followed its natural course, has proved 
to be effective and many eyes are being saved or 
prevented from developing severe complications. 
Only three eyes (0:6 per cent) were lost—one that 
of a patient who could not tolerate the treatment 
rather than because of the severity of the eye disease. 


EPISCLERITIS 


As the condition is self-limiting, harmless, and 
frequently symptomless, treatment may not be 
necessary. Double-blind controlled studies have 
been conducted to determine first whether any 
treatment was necessary and secondly which 
drugs were most effective in suppressing the 
inflammation. 

In this trial some patients received placebo, 
others local steroid ointment, and the remainder 
oxyphenbutazone ointment. All the patients re- 
covered within 10 days. Both oxyphenbutazone 
eye ointment and betamethasone ointment ap- 
peared to hasten the recovery by about one day, 
but the differences were not significant (Watson 
and others, 1973) (Fig. 20). 

If it is felt necessary to treat the patient, either 
because of the symptomatology or because of 
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FIG. 20 Improvement of conjunctival and episcleral 
injection in patients with episcleritis treated with 
either placebo, oxyphenbutazone ointment or 
betamethasone 1 per cent ointment. Although those 
treated with active substances improved slightly faster, 
80 per cent of those receiving placebo had recovered d 
21 days 


multiple recurrences, we recommend the following 
routine: 


Topical medication: Any one of the following 
medications may be used: 

1. Prednisolone eye drops o'5 per cent hourly 
until 24 hours after the inflammation has 
subsided, then reduced to three times a day 
for a further four days. 

2. Betamethasone (Betnesol) eye ointment x per 
cent four times a day during the attack, and for 
a further week after the attack has subsided. 

3. Oxyphenbutazone (T'anderil) eye ointment 
IO per cent four times a day during the 
attack, and for a further week after the attack 
has subsided. 


Systemic therapy : Occasionally patients will not res- 
pond adequately to local therapy, in which case 


. systemic oxyphenbutazone, indomethacin (Indocid), 


or corticosteroid may be needed. 

I. Oxyphenbutasone: 600 mg daily in divided 
doses is given until there is a response. The 
dose is then reduced to 400 mg until the eye is 
quiet and then it is stopped. This treatment 
is given in addition to local treatment. 

2. Indomethacin: If the patient fails to make a 
rapid recovery the drug may be changed to 
indomethacin 100 mg daily in divided doses, 
and then reduced to 75 mg as soon as there is 
a response. A double-blind controlled study 
just completed indicates that oxyphenbuta- 
zone and indomethacin are equally effective 
as anti-inflammatory agents, although some 

patients respond better to one drug than the 
other. 

3. Corticosteroids : In the rare case which does 
not respond to local treatment, or systemic 
oxyphenbutazone or indomethacin, it is 
justifiable to give a short, intensive course of 
prednisolone or its equivalent. A suppressive 
dose for this condition is 60 mg prednisolone 
daily which, as soon as the inflammation starts 
to regress, can be reduced rapidly with a view 
to withdrawing the drug entirely within one 
month. 

A double-blind controlled study was carried out 
in these patients (Watson, Lobascher, Sabiston, 
Lewis-Faning, Fowler, and Jones, 1966) which 
revealed that both oxyphenbutazone and predni- 
solone were effective, but that patients receiving 
systemic prednisolone had a rebound of their 
symptoms, while those having oxyphenbutazone 
remained symptom-free. 


SCLERITIS 


Because of the depth and severity of the inflam- 
mation local steroid treatment is ineffective. Drops 


or ointment are soothing and reduce the inflam- 
mation but are not sufficient to control the scleritis. 

As a result of our experience we have come to 
the conclusion that the following regimen of 
treatment 1s the most likely to be effective: 

As soon as scleritis is diagnosed: 

Systemic oxyphenbutazone 600 mg daily in 
divided doses for four days, followed by 400 mg 
daily until the condition is suppressed. This dosage 
is continued for one week after all symptoms have 
subsided. Or 

Systemic indomethacin 100 mg daily in divided 
doses, reduced to 75 mg daily in divided doses as soon 
as there 1s a response. Treatment is continued until 
the condition has been quiescent for seven days. 

These two drugs appear to be more effective 
than any of the other anti-inflammatory agents in 
general use—for example aspirin, ibuprofen (Bru- 
fen), etc. 


Local steroids 


Usualy prednisolone or betamethasone can be 
given in addition. 


Subconjunctival steroids are not recommended in 
scleritis 


We have seen two patients in whom extreme 
thinning has occurred at the site of a subconjunc- 
tival injection. of steroid (Watson, 1974; Fraun- 
felder and Watson, 1976). It is not certain whether it 
is the vehicle in which the steroid is contained or 
the steroid itself which ts the irritating factor. We 
have from time to time given intraorbital steroid 
injections in patients unable to take steroid syste- 
mically. The effect is transient and the injections 
have to be repeated weekly to be effective. Most 
patients will not tolerate this regimen and so it is 
not satisfactory for routine use. 


Systemic corticosteroids 


If the scleritis is very severe, and does not respond 
to the oxyphenbutazone or indomethacin within a 
week, or if any avascular areas appear in the 
episclera, systemic steroids must be given in heavy 
suppressive doses. The sclera is avascular and high 
concentrations are required to produce a thera- 
peutic effect. 


Systemic prednisolone 


8o mg a day in divided doses is usually sufficient 
as an initial dose. If it is effective the response is 
dramatic; although there is little. change in 24 
hours or even 48 hours, the pain disappears. The 
eye signs may not improve for a further 48 hours, 
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the condition is brought under control the dosage 
can be dropped within a week to a maintenance 
level which is usually between ro and 20 mg 
prednisolone daily. Cautious reduction from this 
level usually enables the patient to be taken off the 
drug or to be maintained with another anti-inflam- 
matory agent within three to four weeks. In patients 
who have been unable to tolerate, or have failed to 
respond to, prednisolone, occasionally a response 
can be obtained with Sintisone (prednisolone 
21-stearovlglycolate), eight tablets (each tablet 
containing 0:63 mg) daily in divided doses (Havreh 
and Watson, 1:970). Why this preparation is so 
effective 1s uncertain, but we have several patients 
who have to be maintained on it rather than on the 
conventional steroids. 


Surgery 


Surgery is very rarely necessary in scleral disease, 
Provided the condition is seen early and treated 
vigorously, scleral necrosis can be largely prevented. 
Corneal grafting has had to be performed in four 
patients because of threatened perforation, an 
expanding globe, for peripheral corneal guttering, 
and for descemetocele. The corneal grafts have 
taken well and in all cases the scleritis has become 
less severe after this was done. 

Many reports appear in the literature of scleral 
grafting for scleromalacia perforans (Holthouse, 
1893; Ashton and Hobbs, 1952; Torchia, Dunn, 
Pease, 1968; Vancea, Vancea, Jalobceastii, Colev, 
and Calin, 1971; Sevel and Abramson, 1972; and 
others). This has been necessary in only two patients 
in this series—neither of whom could tolerate 
steroids. In both patients the graft took well, 
In one the whole necrotic area was removed and 
the residual area of scleral inflammation could bo 
controlled with local steroids and oxyphenbutazone 
systemically. In the other the necrotizing process 
continued from the edge of the scleral overlap and 
the eye was eventually lost, no other medical 
treatment being tolerated. 

We consider scleritis to be a medically treatable 
condition, and provided the dosages of the drugs 
are adequate to suppress the inflammatory change, 
the condition will be controlled. In this we disagree 
with Sevel and Abramson (1972) and Aronson and 
Elliott (1974). We feel our results justify our claim. 


Summary 


The data from 159 patients (217 eves) with epis- 
scleritis and 207 patients (301 eyes) with scleritis 
have been investigated in detail and the results 
analysed with the help of a computer. Of these 
patients, 91 per cent were followed-up during a 
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period of one to eight years. A new classification 
is presented which is as follows: 


Episcleritis (217 eyes) 

Simple episcleritis (170 eyes) 

Nodular episcleritis (47 eyes) 

Scleritis (301 eyes) 

Diffuse anterior scleritis (119 eyes) 

Nodular anterior scleritis (134 eyes) 

Necrotizing scleritis (42 eyes). Of these, 13 were 
regarded as scleromalacia perforans. 

Posterior scleritis (6 eyes) 


The diagnosis is based on an exact clinical 
examination which is fully described. 

Episcleritis has been shown to be a benign 
recurring condition, a mild keratitis being the only 
occasional complication. Episcleritis does not 
progress to scleritis, except in the case of herpes 
zoster which sometimes starts as an episcleritis 
with the vesicular stage of the eruption, to reappear 
three months later as a acleritis in the same site. 

No clear conclusions could be drawn as to the 
aetiology of episcleritis. 

Scleritis is always accompanied by episcleral 
inflammation which must be ignored in making 
the diagnosis. Scleritis is a much more severe disease 
than episcleritis, leading to loss of visual acuity 
from corneal changes, uveitis, cataract, or retinal 
detachment if not treated. Necrotizing scleritis with 
inflammation is the severest form of the disease 
and 21 per cent of the patients with this condition 
died within the eight-year-period of follow-up. 

Connective-tissue disease was the commonest 
associated general condition; the incidence of 
necrotizing scleritis was higher in this group and 
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Sir William Read, Royal Ophthalmologist during 
the reign of Queen Anne (1702-1714), who inci- 
dentally was unable to read or write (Guthrie, 
1958), gave a choice description of the dangers of 
perforation in deep scleritis: ‘For it is most certain 
that this horny membrane . . . by how much 
deeper the blister is hidden in the membrane... 
in danger to make an ulceration by breaking 
through the membrane, whereupon may ensue an 
utter loss and decay of all the humours'. Further 
documentation of the sequelae of scleral inflamma- 
tion awaited a further century for the description of 
staphylomata by Scarpa (1818), who described two 
cases of posterior staphylomata found at necropsy. 
Mackenzie (1830) attributed scleritis to atmospheric 
conditions and suggested the term 'sclerotitis atmos- 
pherica’ or ‘rheumatic ophthalmia'. Later Macken- 
zie (1854) was to suggest the name ‘sclerotitis idio- 
pathica’. Wolfe (1882), lecturing to the students 
of Anderson College, Glasgow, used the currently 
accepted nomenclature of episcleritis and scleritis. 
The later terminology has been excellently recorded 
by Sevel (1967). 

Earlier authors often associated inflammation of 
the sclera with rheumatic disease (Mackenzie, 
1830; Littell, 1840; Wolfe, 1882; von Arlt, 1885). 
Besides ‘rheumatism’, scleritis was attributed to 
gout (Cleobury, 1826; Walton, 1875), mercury 
poisoning (Morgan, 1839), venereal disease, parti- 
cularly syphilis (Morgan, 1839; von Arlt, 1885); 
scrofula (Mackenzie, 1854); excessive exposure to 
varying atmospheric conditions (Mackenzie, 1830; 
de Schweinitz, 1899), and menstrual derangement 
(de Schweinitz, 1899). 

‘The most consistent systemic disorder associated 
with episcleritis and scleritis, particularly the latter, 
is rheumatoid arthritis (Van der Hoeve, 1934; 
Verhoeff and King, 1938; Smoleroff, 1943; Edstrom 
and Osterlind, 1948; Mundy, Howard, Stillman, 
and Bevans, 1951; Hollenhorst and Henderson, 
1951; Watson and Lobascher, 1965; Watson, 
1966; Lyne and Pitkeathly, 1968; Fowler, 1970; 
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Jayson and Jones, 1971), and with this in mind the 
present study differentiates rheumatoid episcleritis 
and scleritis from non-rheumatoid episcleritis and 
scleritis according to the criteria for ‘classical’ or 
‘definite’ rheumatoid arthritis (Ropes, Bennett, 
Cobb, Jacox, and Jessar, 1959). 


Material and methods 


Examination of patients was carried out at two centres: 
the Centre for Rheumatic Diseases, Glasgow, and the 
Tennent Institute of Ophthalmology, Western Infir- 
mary, Glasgow. 

During the years 1965 to 1973 any patient seen at 
the Centre for Rheumatic Diseases with rheumatoid 
arthritis who had any eye complaint was referred to an 
ophthalmologist and any case of episcleritis or scleritis 
was examined in detail. Those patients examined before 
1971 who were still alive were recalled to hospital or 
visited in their homes. It was at the beginning of 1971 
that a scleritis clinic was instituted at the Tennent 
Institute, and a pro forma outlined the investigations to 
be documented for patients at both centres. In all 
patients these investigations included examination by 
an ophthalmologist and by a rheumatologist; this was 
supplemented by laboratory investigations appropriate 
to ocular inflammation and rheumatoid disease. 

The purpose of the study was to compare patients 
who presented with rheumatoid disease, who subse- 
quently developed episcleritis and scleritis, with patients 
who presented with episcleritis or scleritis in whom 
rheumatoid disease was incidental to their referral. 


CENTRE FOR RHEUMATIC DISEASES 


Between 1965 and 1973, 4210 patients with rheumatoid 
arthritis were examined at the Centre for Rheumatic 
Diseases. ‘These patients satisfied the diagnostic criteria 
of the American Rheumatiam Association (Ropes and 
others, 1959). Seven of these patients had episcleritis 
and 28 had scleritis. 


TENNENT INSTITUTE OF OPHTHALMOLOGY 


During 1971 and 1972, 62 patients were examined at 
the scleritis clinic: 35 of these patients had episcleritis 
and 27 had scleritis. 'T'wo of the patients with episcleritis 
and nine of the patients with scleritis had rheumatoid 


arthritis according to the criteria already cited (Ropes 
and others, 1959). 

The presentation of results initially gives the incidence 
of episcleritis and scleritis in rheumatoid arthritis, and 
also the incidence of rheumatoid arthritis in episcleritis 
and scleritis. Thereafter, unless it is otherwise indicated, 
the patients are divided into those with rheumatoid 
disease and those without rheumatoid disease. This 
results in four groups of patients with: 

1. Rheumatoid episcleritis (nine cases) 

2. Rheumatoid scleritis (37 cases) 

3. Non-rheumatoid episcleritis (33 cases) 

4. Non-rheumatoid scleritis (18 cases) 

Comparisons are made between these four groups of 
patients. In the section dealing with the systemic 
manifestations of rheumatoid disease and also in some 
of the laboratory investigations a further comparison is 
made, that is, between the combined groups of rheu- 
matoid episcleritis and scleritis and a group of rheuma- 
toid controls, patients with rheumatoid arthritis matched 
for age and sex with the rheumatoid episcleritis/scleritis 
groups but without episcleral or scleral inflammation. 
This gives two further groups: 

5. Rheumatoid episcleritis/scleritis (46 cases) 

6. Rheumatoid controls (46 cases) 

Statistical analysis is presented throughout the study. 
However, the numbers, in what is a relatively uncommon 
type of ocular inflammation, are often very limited. The 
biological meaning of statistical evidence therefore 
requires critical appraisal. 


OPHTHALMIC EXAMINATION 


Complaints of eye symptoms were elicited with as little 
prompting as possible. The duration of the condition 
was estimated from the first episode of inflammation. 
Accurate documentation of duration is difficult as it is 
not always certain that a condition which may persist 
intermittently during a period of some years has truly 
settled. Visual acuity was assessed by Snellen’s test 
chart at the Tennent Institute with or without glasses 
as appropriate. Refraction was not done routinely. 

The anterior segment of each eve was examined in 
diffuse light, often in ordinary daylight, and by detailed 
examination with a slit-lamp microscope. Patients seen 
in their homes were examined with a single loupe and 
focal light. Slit-lamp examination served to reveal the 
depth of inflammation, determining which network of 
vessels was predominantly affected. It ts occasionally 
dificult to be certain whether an apparently nodular 
episcleritis 1s in fact a scleritis; the diagnosis is often 
more readily apparent in retrospect when, for example, 
an area of scleral translucency will indicate a scleritis. 
The greyish-blue colour of deep scleritis is due to the 
dark uvea becoming evident through translucent sclera. 
In contrast, episcleritis is usually bright red in colour. 
A careful slit-lamp examination after observation in 
diffuse light, with a conclusive diagnosis made only after 
observing the inflammation for varving periods of time, 
is sufficient in most cases to provide a diagnosis. Never- 
theless, there remain a few cases in which it is impossible 
to differentiate with certainty an episcleritis from a 
superficial scleritis. The figures that are given, therefore, 
are not absolute, but the features associated with 
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predominantly superficial inflammation affecting pri- 
marily the episclera will be contrasted with features of 
deeper involvement affecting primarily the sclera, 

Ophthalmic examination took note of any corneal 
complications, anterior uveitis and cataract, particularly 
posterior subcapsular cataract. The fundi were examined 
after instillation of cvclopentolate hydrochloride BP 
i per cent. A Haag-Streit applanation tonometer re- 
corded the intraocular pressure in patients seen in 
hospital, and a Perkins hand-held applanation tono- 
meter was used for those patients who were visited in 
their homes. 

Any suggestion of limitation of extraocular muscle 
movement or history of diplopia prompted referral to 
the orthoptist for a more exact record. 

All patients were screened for evidence of kerato- 
conjunctivitis sicca. (KCS) by Schirmer’s tear test 
(Schirmer 1) using standardized filter-paper strips*. 
The length of wetting of the filter paper at the end of 
5 minutes was measured. A normal tear secretion was 
accepted as 15 mm wetting or more for patients under 
the age of 40 years, and 10 mm wetting for patients 
over the age of 40 years, as standardized by Halberg 
and Berens (1967). All patients with reduced tear flow 
had a drop of rose bengal 1 per cent instilled into the 
eve, and punctate staining indicated the presence of 
dead or dying cells and excess mucus. Confirmation of 
KCS was given by Schirmer’s test (Schirmer ID in 
which a ro per cent ammonia solution is held approxi- 
mately 15:2 cm below the nose to stimulate tear produc- 
tion, which is recorded as in Schirmer EF. 


GENERAL EXAMINATION 


The following investigations were designed to measure 
the severity of any disease of the locomotor system, and 
complications of rheumatoid arthritis and other connec- 
tive-tissue disorders. 

For each patient were recorded four grades of func- 
tional incapacity (Steinbrocker, 'l'raeger, and Batterman, 
1949). The articular index, a summation index, esti- 
mated the number of involved joints and the severity of 
their involvement as judged bv tenderness to pressure 
over the joint margin. Radiological evidence of the 
degree of bone involvement was categorized in four 
stages of increasing severity (Steinbrocker and others, 
1949). 

A number of extra-articular complications of rheu- 
matoid disease were noted: subcutaneous granuloma- 
tous nodules, peripheral neuropathy, vasculitis manifest 
as skin ulceration or bruising, and tendon rupture. 
Atrophy of skin was recorded as a recognized side- 
effect of treatment with systemic — corticosteroids 
(Scarborough and Shuster, 1960; Greenwood, 1966). 
An enlarged spleen suggested the possibility of Felty's 
syndrome (Felty, 1924), and evidence of amyloidosis 
was noted, as rheumatoid arthritis is now the com- 
monest cause of secondary amyloidosis in western 
countries (Boyle and Buchanan, 1971). 

Xerostomia and salivary gland enlargement were 
recorded as features associated with Sjégren’s syndrome 
(Sjogren, 1933). 

*Developed by Halberg and Berens (Crookes-Barnes Laboratories, 
Inc., Wayne, NJ, USA) 
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An electtocardiogram was used in most patients 
(unless bedridden and visited at home) to exclude 
cardiac disease, which has been noted as a complication 
in patients with scleritis and rheumatoid arthritis 
(Smoleroff, 1943; Jayson and Jones, 1971). Blood 
pressure recordings and cardiac auscultation screened 
patients for aortic incompetence, which has been asso- 
ciated with scleritis (Pitkeathly, Howitt, and Lyne, 
1970). 

All patients had a chest x-ray examination to exclude 
evidence of active tuberculosis or sarcoidosis and to 
demonstrate any pulmonary complication of rheumatoid 
arthritis. 


LABORATORY METHODS 


In each patient the haemoglobin concentration, erythro- 
cyte sedimentation rate, and serum proteins, although 
nonspecific in nature, reflected the severity of disease. 
Haemoglobin estimation at the Tennent Institute of 
Ophthalmology was given as a percentage, but in the 
Centre for Rheumatic Diseases it was given in grams 
per 100 ml. For comparison of data each haemoglobin 
value in g/100 ml was converted to a percentage reading, 
taking 14 g/roo ml as a value of 100 per cent. Alkaline 
phosphatase, serum glutamic oxaloacetic transaminase, 
and serum glutamic pyruvic transaminase were recorded 
to assess any association of liver disease and scleritis. 
Liver disease has been noted in 6 per cent of patients 
with Sjógren's syndrome without rheumatoid arthritis 
and in 1:5 per cent of patients with Sjógren's syndrome 
and rheumatoid arthritis (Whaley, Williamson, Dick, 
Goudie, Nuki, and Buchanan, 1970). Serum uric acid 
levels were estimated to exclude gout. In view of the 
relevance of scleritis in venereal disease, usually syphilis 
(Cleobury, 1826; von Arlt, 1885; Holloway and Fry, 
1931), the Wassermann reaction, Venereal Disease 
Reference Laboratory (VDRL) slide test and Reiter 
protein complement-fixation test (RPCFT) were per- 
formed. Further investigations included the antistrepto- 
lysin-O titre, and tests for evidence of brucellosis and 
toxoplasmosis. The antistreptolysin-O titre may be 
raised in erythema nodosum, a condition associated with 
episcleritis (McCarthy, 1961). Brucellosis, a well recog- 
nized cause of uveitis (Woods and Guyton, 1944; 
Hewson, 1964), has been incriminated in a case of 
scleritis (Thomas, Helluy, Cordier, and Algan, 1953) 
and to exclude it the complement-fixation, standard 
agglutination (direct), and antihuman globulin 
(Coombs’) tests were performed. Cat, Marinoni, Giraldi, 
and Costa (1971) reported that two of their cases of 
juvenile rheumatoid arthritis had high false positive 
titres for toxoplasmosis, and accordingly the toxoplasma 
dye test (Sabin and Feldman, 1948) was routinely 
investigated. 

A multiplicity of autoantibodies may occur in the 
connective-tissue (collagen) disorders (Copeman, 1964). 
Scleritis has been called a collagen disorder (Hayreh 
and Watson, 1970). In view of this, autoantibody screen- 
ing tests were undertaken in each case. Tests were 
carried out for rheumatoid factor, using the latex 
agglutination technique (Hyland Laboratories) (Ziff, 
Brown, Lospalluto, Badin, and McEwan, 1956), the R, 
latex agglutination test (Denver Laboratories) using 


sera giving a positive result in the rheumatoid latex test, 
and by the tanned red-cell haemagglutination technique 
for thyroglobulin antibody (Fulthorpe, Roitt, Doniach, 
and Couchman, 1961). All the remaining autoantibody 
investigations applied the indirect immunofluorescent 
technique. These were tests for thyroid microsomal 
antibody, antinuclear factor, saltvary duct antibody, 
mitochondrial antibody, gastric parietal-cell antibody, 
and smooth-muscle antibody (Table I). 

The assay of complement C3 (1c/1a globulin) used 
specific immunodiffusion plates (Hyland Laboratories) 
and serum concentrations of IgG, IgA, and IgM 
globulins were similarly measured by radial immuno- 
diffusion using commercially-prepared plates (Behring- 
werke) according to the method of Mancini, Carbonara, 
and Heremans (1965). 


EYE SWABS 


Platinum loop scrapings and swabs taken from the 
conjunctiva of the inflamed eye (the more inflamed in 
bilateral disease) in each case seen at the Tennent 
Institute of Ophthalmology were sent for investigation 
of bacteria, fungi, and viruses. Platinum-loop scrapings 
were plated on chocolate agar for bacteriology. Isolation 
of fungi was effected by platinum-loop scrapings plated 
on 2 or 3 per cent malt extract agar with chloromycetin 
0°05 mg/ml. Swabs for virus studies were placed 
immediately in Eagle’s tryptose phosphate medium with 
calf serum 1o per cent. 


TYPE I ALLERGY (ATOPY) 


Lyne and Pitkeathly (1968) with J. W. Kerr and J. M. 
MacLeod noted that, in 25 of 33 cases having single 
attacks of episcleritis, the inflammation affected the 
interpalpebral area. The findings in this present study 
endorse their report and it seemed worth. considering 
external aggravating factors in the category of immediate 
hypersensitivity. Altogether 23 patients, all of them with 
non-rheumatoid inflammation, and all except six cases 
of episcleritis, were subjected to skin testing for house 
dust, grass pollen, alternaria, feathers, house dust mite, 
Aspergillus, Candida albicans; and cat and dog hair, if 
one of these pets was in the home. 


Table I Autoantibody investigations 








Autoantibody Timue substrate Reference 
'Thyroid Human toxic Holborow, Brown, Roitt, 
mi thyroid and Doniach (1959) 
Antinuclear Rat liver Beck (1961) 
factor 
Salivary duct Human salivary MacSween, Goudie, 
gland Anderson, Armstrong, 
Murray, Mason, Jasani, 
Boyle, Buchanan, and 
Williamson (1967) 
Mitochondrial Rat kidney Goudie, MacSween, and 
Goldberg (1966) 
Gastric parictal Human gastric Adams, Glen, Kennedy, 
mucosa McKenzie, Morrow, 
Anderson, Gray, and 
Middleton (1964) 
Smooth muscle Rat stomach Johnson, Holborow, and 
smooth muscle Glynn (1965) 
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MORTALITY 


An initial impression suggested that more of the patients 
with rheumatoid episcleritis or scleritis had died since 
examination as compared with the group of rheumatoid 
controls. The control group was carefully matched for 
age, sex, and year of presentation at the Centre for 
Rheumatic Diseases. Contact with the general practi- 
tioner of each patient determined which patients had 
died by February 1974. The Registrar of Births, 
Deaths and Marriages, Glasgow, provided information 
as to the cause of death in each case. 


Results 
INCIDENCE (Table II) 


Between 1965 and 1973, 4210 patients with rheu- 
matoid arthritis were examined at the Centre for 
Rheumatic Diseases. Seven of these patients had 


Table II Incidence of episcleritis and scleritis in 
rheumatoid arthritis 


pn—— H—— A ne AAAA 


No. of patients 


Clinic Disease Cases with rheumatoid Per- 
arthritis centage 

Centre for Episcleritis 7 4210 017 
Rheumatic Scleritis 28 4210 0:67 
Diseases 1965-73 

Scleritis Clinic, Episcleritis 35 Z $77 
‘Tennent Scleritis 27 9 333 
Ínstitute of 
Ophthalmology 
1970-71 
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episcleritis (o'17 per cent) and 28 patients had 
scleritis (0:67 per cent). 

Thirty-five cases of episcleritis and 27 cases of 
scleritis presented at the Tennent Institute of 
Ophthalmology during 1971 and 1972. Two of 
the cases of episcleritis (5-7 per cent) and nine of 
the cases with scleritis (33:3 per cent) had clinical 
and radiological evidence of rheumatoid arthritis 
according to the diagnostic criteria of the American 
Rheumatism Association (Ropes and others, 1959). 
Each of these cases was sero-positive for rheumatoid 
factor. One further case of episcleritis and six 
further cases of scleritis were weakly sero-positive 
for rheumatoid factor, but had no clinical or radio- 
logical evidence of rheumatoid arthritis. 

(Unless otherwise indicated in the remaining 
data patients from both clinics with rheumatoid 
atthritis are combined and compared with the 
findings of patients without rheumatoid arthritis.) 


AGE, SEX, AND BILATERALITY (Tables IH Ta-f) 


EN 


group which had a mean value Of 45:1 years. 


Episcleritis and scleritis 19% 


All cases with rheumatoid episcleritis were 
female and this was consistent with the higher 
incidence of rheumatoid arthritis in women. 
Scleritis was found in twice as many women as 
men (67:6 to 32:4 per cent). It is interesting to note 
that of the non-rheumatoid patients, episcleritis 
was found equally in women and men (45:5 and 
sr'5 per cent) but scleritis showed a marked 
preponderance in women (53:3 to 1677 per cent). 

The 9 patients with rheumatoid episcleritis 


Table Illa Age (rheumatoid episcieritis and 
rheumatoid scleritis) 46 cases 





Alpe 
Disease Cases range Alean SD SEM 
EVERTS) Pyears) 
Episcleritis Q S469 58-7 EQ zuo 
Scleritis 37 28-77 58:3 tirs ED 





Statistical analysis: t= mogo; P «NS 


Table IIb Age (non-rheumatotd episcleritis and 
non-rheumatoid scleritis) 51 cases 








Age 
Disease Cates range Mean SD SEM 
years) Cyearsj 
Episcleritis 43 20-71 451 caua dox 
Scleritis 18 32—75 532 E137 Eya 





Statistical analysis: f= 1/8746; Pe NS 

Statistical analysis (rheumatoid versus non-rheumatoid): 
Episcleritis: f= 2:7092; P= « ocos 
Scleritis: £5:1:5044; P NS 


Table Illic Sex ratio (rheumatoid episcleritis and 
rheumatoid scleritis) 46 cases 
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Females Males 
Disease CASES NE - Ratio 
No. — Per cent No. — Per cent 
Episcleritis Ü 9 100 o — — 
Scleritis 37 25 67-6 12 ya a 
34 73:9 Ia 26-4 zB 


Table Hid Sex ratio (non-rheumatotd episcleritis 
and non-rheumatoid scleritis) 51 cases 


rv TTT Tr NOCONA AAAA AANA 





Females Males 
Disease Chis 7 Sa igit s Ratio 
No Per cent 
Episcleritis — 33 15 48:5 515 ira 
Scleritis rŠ 15 BTG 1 fs St 
E bok 20 i19 poli 
pN eaoaai 


Statistical analysis (female): yig oga; Po e ooz 
Statistical analysis (rheumatoid versus non-rheumatoid (female): 


Seleritis: fe 05175; Peo NS 


8 
5 
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Table Ile  Bilaterality (rheumatoid episcleritis and 








rheumatoid scleritis) 46 cases 
Rye inflammation 
Disease Cases Percentage Unilateral Bilateral 
No. Percent No. Per cent 
Episcleritis 9 196 5 556 4 444 
Scleritis 37 80°4 I3 324 as 676 





Table Wf  Bilaterality (non-rheumatoid episcleritis 
and non-rheumatoid scleritis) 5x cases 


Eye inflammation 








Disease Cases Percentage Unilateral Bilateral 

No. Percent No, Per cent 
Episcleritis 33 64-7 13 394 z0 606 
Scleritis 18 353 I1 Óri 4 38:9 





showed a similar number of unilateral and bilateral 
cases (5:4) but rheumatoid scleritis (37 cases) was 
more commonly bilateral (67-6 per cent) Non- 
rheumatoid episcleritis (33) was more commonly 
bilateral (39:4 to 60-6 per cent) and non-rheumatoid 
scleritis (18) was more often unilateral (6r:1 to 
38-9 per cent). 


PAST MEDICAL HISTORY AND ASSOCIATED DIBEASE 
(Tables IVa, b) 


A breakdown of medical history and associated 
disease revealed a high incidence of associated 
abnormality of the cardiovascular and respiratory 
systems, 

Of 30 cases with rheumatoid scleritis (60:0 per 
cent) in whom electrocardiograms were taken, 18 
had ischaemic heart disease. Three further patients 
complained of angina pectoris but had normal 
tracings. Six patients with non-rheumatoid epis- 
cleritis (21:9 per cent) had electrocardiographic 
changes and one further patient had a possible 
pericarditis. Three patients with non-rheumatoid 
acleritis (16-57 per cent) had ischaemia of the 
myocardium. There is a significant difference 
between the incidence of ischaemia in rheumatoid 
scleritis and that im non-rheumatoid scleritis 
(P=o'0005). The combined episcleritis/scleritis 
groups showed a total incidence of myocardial 
ischaemia in 21 of 37 known cases (56-7 per 
cent) in comparison with the rheumatoid control 
group, eight of 20 known cases (40-0 per cent). It is 
interesting to note that only seven in the episcleritis/ 
scleritis groups did not have an electrocardiogram 
compared with 16 in the matched control group. 
Does this reflect the fact that the groups with eye 


inflammation were more often admitted to the 
wards, or does it indicate that there was more 
clinical indication for electrocardiography in the 
episcleritis/scleritis groups? Certainly clinical ex- 
amination of the control group had given little 
evidence of severe cardiovascular disease. 'l'he 


Table IVa Past medical history and associated 
disease (rheumatoid episcleritis and scleritis) 46 cases . 





Episcleritis Seleritis 
{9 cases) 37 (cases) 
Per Per 
No. cent No. cent 
Jschaemic heart Ischaemic heart 
disesse, 7 casos disease, 30 cases 
(2 unknown) 3 449 (7 18 6o 
Rheumatic fever 2 axa H i 
Hypertension, 32 cases 
7 cases (5 unknown) 8 25°0 
(a unknown) I 143 Angina pectoris 
Aortic stenosis I (electrocardio- 
rovascular gram normal) 3 81 
accident I Cerebrovascular 
Raynaud’s accident 4 
phenomenon I Pericarditis x 27 
Pneumonia I Mitral stenosis I 
Pleural effusion 1 Aortic stenosis 
Pleurisy I and incompe- 
Sinusitis I tence 1 
Osteoarthritis I Rheumatic fever I 
Chronic renal Pulmonary x 
disease I “ep venous 
Oral pemphigoid I bosis 1 
c I Pneumonia 5 13s 
Recurrent colitis I Pleural effusion 5 
I Sinusitis 4 108 
Pelvic abscess 1 Rheumatoid 
Diabetes I nodules of lung 3 
Bilateral otitis is of 
media 1 lung 2 
Emphysema 2 
Asthma I 
Pneumoconiosis 1 
Granulomatous 
(collagen) 
disease X 
Osteoarthritis 4 
"s 
contracture I 
Psoriatic arthritis x 
4 
3 
Hysterectomy 3 
Diverticulosis X 
Adenocarcinoma 
of bowel Y 
Appendicectomy x 
I 
Prolapsed bowel 1 
Inguinal hernia Pi 
Hepatitis 1 
e zoster 
3 
Psoriasis 1 
ulcer x 
"T'hyrotoxicosis x 
Diabetes 1 
Trigeminal 
neuralgia 1 
Pernicious anaemia x 
Puerperal fever l 
Chronic otitis 
media r 





statistically insignificant difference between these 
two groups might well be misleading. 

Excluding respiratory complaints such as bron- 
chitis, emphysema and asthma, pleurisy and 
rheumatoid pneumonia, pleural effusion, pleurisy 
and rheumatoid nodules of the lung, both rheuma- 
toid episcleritis and scleritis had a similar incidence 


Table IVb Past medical history and associated 
disease (non-rheumatoid episcleritis and non- 
rheumatoid scleritis) 51 cases 





Scleritis 
(18 cases} 


Episcleritis 
{33 cases) 





Per Per 
No. cent No. cent 
Hypertension, Hypertension, 
30 cases 16 cases 
(3 unknown) 8 26:7 (2 unknown) 4 25'0 
Ischaemic heart Ischaemic heart 
disease, 32 cases disease d 1677 
(1 unknown) 6 18:8 Rheumatic fever 1 $'5 
Valvular heart Aortic incompe- 
disease 2 6:1 tence i 
Rheumatic fever 2 Migraine I 
Pericarditis 1 3o Sinusitis 5 7 
Cerebrovascular Asthma z If 
accident I Tuberculosis of 
Sinusitis 8 chest i 
Pneumonia 2 Bronchitis 1 
Asthma 2 Pneumonia i 
Bronchitis I Osteoarthritis 3 16:7 
Osteoarthritis 5 15:2 ‘Fibrositis’ 2 
‘Rheumatism’ 5 ‘Slipped disc’ 1 
‘Back trouble’ 2 ‘Rheumatism’ 1 
*Fibrositis' 2 Gout 1 
‘Knee synovitis’ I Menopausal 
Cervical haematuria i 
spondylosis 1 Cholecystectomy 2 
Paget's disease of Appendicectomy 2 
spine and Hysterectomy 2 
ischium 1 Gastritis I 
Coccygodynia 1 *Gastric 
Patellar haemorrhage' 1 
displacement I Duodenal ulcer I 
Gout I Apical dental 
Pyelitis 2 abscess Y 
'Tuberculosis of Systemic lupus 
kidneys I erythematosus 1 
Hydronephrosis H Erythema nodosa — 1: 
Renal stone 1 Multiple rodent 
Duodenal ulcer 4 1271 ulcers 1 
Hiatus hernia 2 Jaundice 1 
Cholecystitis 1 Depression 
Appendicectomy 1 
Perianal sinus 1 
Apical dental 
abscess 1 
Jaundice 1 
'T'hyroidectomy 1 
Erythema nodosa 2 
Chronic discoid 
lupus erythema- 
tosus I 
Psoriasis 1 
Pityriasis rosea 1 
Ulcer inguinal 
region 1 
Acne rosacea 1 
Herpes zoster 
ophthalmicus I 
Diabetes 1 
Glandular fever 1 
Puerperal fever r 
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of respiratory complications ~ that is, three of nine 
cases in episcleritis (33°3 per cent) and 13 of 37 
cases in scleritis (35°1 per cent). The incidence of 
respiratory disease in non-rheumatoid episcleritis 
and scleritis was much lower; two of 33 cases in 
episcleritis (6:1 per cent) and one of 18 cases in 
scleritis (5:6 per cent). The difference in each case is 
statistically significant (P-—o:05 and P-ooss, 
respectively). The combined rheumatoid episcleri- 
tis/scleritis groups gave a total of 16 with rheuma- 
toid respiratory complaints out of 46 cases (34:8 
per cent) as compared with five of 45 rheumatoid 
controls (11:1 per cent), The difference is statistic- 
ally significant (P —o-01). 

Other associated systemic disorders are listed in 


Tables IVa, 5. 


EYE SYMPTOMS (Tables Va, ^) 

Redness and ocular pain are by far the commonest 
complaints in both episcleritis and scleritis. A red 
eye was referred to only shghtly less often in rheu- 


Table Va Eve symptoms (rheumatoid episcleritis 
and rheumatoid scleritis) 44 cases 





cier Tis 
(38 cases, 


Episcleritis 


Sypiptams [Q cases) 2 unknotcn | 
Ao, — Per cent No. — Pes cent 
Red, inflamed, bloodshot S REG 20 52:0 
Ocular pain 3 nas 16 457 
Gritty, sandy 2 22:2 ti 314 
Burning 1 pid 5 14'3 
Itching o 1 8-6 
Watering 1 3 
Irritation i 2 &7 
Photophobia o 2 
Oedema of lids o 2 
Headache o 2 
Discharge, mattering 1 1 20 
Dryness 1 1 
Blurring of vision o 1 





Table Vb Eye symptoms (non-rheumatoid 
episcleritis and non-rheumatoid scleritis) 51 cases 





Seleritis 


Episcleritis 
j (488 cases? 


/33 cases) 


Symp fares ———— ÀÀ— (oisi ai do ce a ECL Sua cnn sl De anc a hic 
No, — Per cent No. Per cent 

Red, inflamed, bloodshot RE 03:0 i S80 
Ocular pain 16 488 13 22:2 
Gritty, sandy 8 24'2 3 16-7 
Headache 4 ga i 56 
Oedema of lids 4 6 

Irntation 3 Qt 3 

Discharge, mattering 3 o 

Burning 2 fer 2 "ES 
Watering 2 o 

Dryness I Yo 1 

Blurring of vision } i 

Itching o 1 
Photophobia o o 


pA AEE idise 
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matoid episcleritis (88-9 per cent) than in non- 
rheumatoid episcleritis (93:9 per cent), and in 
rheumatoid scleritis (82:9 per cent) compared with 
non-rheumatoid scleritis (88-9 per cent). A greater 
disparity of complaint was notable with regard to 
ocular pain in rheumatoid episcleritis (33:3 per cent) 
compared with non-rheumatoid episcleritis (48:5 
per cent), and in rheumatoid scleritis (45°7 per cent) 
compared with non-rheumatoid scleritis (72:2 
per cent), The lower incidence of complaint by 
rheumatoid patients probably reflects the measure 
of discomfort they experience elsewhere. 


LENGTH OF HISTORY OF EYE INFLAMMATION 
(Tables Via, 5) 


Figures giving the duration of ocular inflammation 
must be interpreted cautiously, as it is impossible 
to know whether the inflammation is truly quiescent. 
However, in each of the four groups of patients 
the mean duration (with a large standard deviation 
in each case) showed no significant difference. It 
was interesting to note that the mean duration of 
ocular inflammation in the rheumatoid patients was 
shorter than that in the non-rheumatoid patients; 
36:2 months (rheumatoid episcleritis) and 35:0 
months (rheumatoid scleritis) compared with 42:4 
months (non-rheumatoid episcleritis) and 48:9 
months (non-rheumatoid scleritis). There was a 
wide range in each group, from a few days or weeks 
to 23% years. 


Table VIa Length of history of eye inflammation 
(rheumatoid episcleritis and rheumatoid scleritis) 
40 cases 











Mean 
Disease Cases Range (months) SD SEM 
Episcleritis 8 3 days/ 36:2 60:0 ara 
" I I3 years 
Scleritis 3a 1 week/ 35°0 +5470 +9°6 


own) 20 years 





Statistical analysis: t=0-0534; P=NS 


Table VIb Length of history of eye inflammation 
(non-rheumatoid episcleritis and non-rheumatoid 
scleritis) 49 cases 











Mean 
Disease Cases Range (months) SD SEM 
Episcleritia 3r 4 weeks] — 424 £742 +133 
(2 unknown) 23% years 
Scleritis 18 7 weeks] — 48:9 cB742 +175 


Statistical analysis: t—o-2938; P=NS 

Statistical analysis (rheumatoid versus non-rheumatoid): 
Episcleritis: 10-1139; P NS 
Scleritis: to-s713; P NS 


VISUAL ACUITY (Table VII) 


Visual acuity was recorded in the 'T'ennent Institute 
of Ophthalmology but it was not recorded routinely 
in patients seen at the Centre for Rheumatic 
Diseases. An arbitrary dividing line of visual acuity 
of 6/12 (Snellen), or worse, provided a parameter for 


Table VIL Visual acuity (Tennent Institute of 





Ophthalmology) 62 cases 
No. of eyes with 
Disease Eyes visual acuity Percentage 
(total xo.) < 6/9 
Episcleritis 56 8 14:3 
Scleritis 41 I5 36-6 


Statistical analysis (episcleritis versus scleritis): 
4! 26-5070; P = <0'025 


the level of visual acuity achieved by each patient. 
Of the total of 56 eyes with episcleritis, eight eyes 
(14:3 per cent) had a visual acuity of 6/12 or worse, 
and of the 41 eyes with scleritis, 15 (36-6 per cent) 
had a visual acuity of 6/12 or worse. 'T'he difference 
between these two groups is statistically significant 
(P—o-025). It must be emphasized that refraction 
was not done as a routine in these cases and that 
the difference is based on the patient's best visual 
acuity either with distance glasses or without. 


TYPE OF INFLAMMATION (Tables VIIIa, b) 


All nine cases of rheumatoid episcleritis were of 
the 'simple' variety. Nodular episcleritis was noted 
in six cases (18:2 per cent) of the patients with non- 
rheumatoid inflammation (Fig. 1) and simple 
episcleritis was recorded in 27 (8r:8 per cent). 
Diffuse scleritis (Fig. 2) was more common in 
rheumatoid scleritis (83:3 per cent) and non- 
rheumatoid scleritis (61:1 per cent) A nodular 
scleritis was slightly less common in rheumatoid 
scleritis (16°7 per cent) as compared with non- 
rheumatoid scleritis (33:3 per cent). One case of 
non-rheumatoid necrotizing scleritis (Fig. 3) pre- 
sented in a patient who had developed gout some 
months earlier, but the area of necrotic sclera was 


Table Villa Type of inflammation (rheumatoid 
episcleritis and rheumatoid scleritis) 45 cases 





Per Per 

Disease Cases cent Type cent 
Episcleritis 9 Nodular o 
Simple 9 

Scleritis 46 (1 unknown) *Nodular 6 164 

Anterior 36 100 Diffuse 30 833 
Posterior 8 aza Necrotizing o 


*Scleral translucency in 29 cases (80°6 per cent) 


Table VIIIb Type of inflammation (non-rheumatoid 
episcleritis and non-rheumatotd scleritis) 51 cases 





Per Per 

Disease C'ases cent Type cent 
Episcleritis 33 Nodular 6 18:2 
Simple 27 8r8 
Scleritis 8 Nodular 6 333 
Anterior 18  roo* Diffuse nu ria 
Posterior 1 8:6 Necrotizing I sh 





*Scleral translucency in two cases (1171 per cent) 


probably determined by a subconjunctival injection 
of methylprednisolone some days previously. 
Co-existent posterior scleritis was more common in 
rheumatoid scleritis (22:2 per cent) than in non- 
rheumatoid scleritis (5°6 per cent). The figure of 
eight cases in rheumatoid inflammation was a 
tentative one, based on two cases of choroiditis, 
one case of retinal detachment, and five cases of 
extraocular muscle imbalance, suggesting tendon 





riG. 1 Nodular non-rheumatoid episcleritis 
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Necrotizing scleritis 


FIG. 3 


or muscle involvement. These figures do not include 
patients with macular disturbance which might 
have been due to other causes. The section on 
posterior segment abnormality will deal with this 
in more detail. One of the most interesting findings 
was the difference between rheumatoid and non- 
rheumatoid scleritis in the incidence of scleral 
translucency (Fig. 2). Of 36 cases with rheumatoid 
scleritis, 29 (80:6 per cent) showed scleral translu- 
cency as compared with two of 18 cases with non- 
rheumatoid scleritis (11:1 per cent). 


DISTRIBUTION OF INFLAMMATION (‘Tables IXa, b) 


The distribution of ocular inflammation in episcleri- 
tis is more commonly in the interpalpebral area, 
suggesting the possibility of external aggravating 
factors. Scleritis will also affect the superior 
quadrants of the eye in particular, although less 
markedly so in non-rheumatoid scleritis. Rheuma- 


FIG. 2 Bilateral diffuse scleritts 
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Tables IXa, b Distribution of inflammation 


Episcleritis 
9 cases 
Right (7eyes) Left (7 eyes) 


O/o 












A 55:59/o 44-59/o 55-6% 33:400 78-9% 


Right (31 eyes) 







Scleritis 
29 cases (8 unknown) 


Left (30 eyes) 





Distribution of inflammation (non-rheumatoid episcleritis e non-rheumatoid scleritis) 5l cases 


Episcleritis 
33 cases 


Right (23 eyes) 


Left (29 eyes) 












B 27- 39fo 48-.59lo | 57-6 %o 5I: 59/5 47* [lo 


toid scleritis has a fairly even distribution affecting 
all quadrants of the anterior sclera. 


CORNEAL COMPLICATIONS (‘Tables Na, b) 


An unexpected finding among the rheumatoid 
patients was a higher percentage of corneal compli- 
cations in episcleritis (69:2 per cent) compared with 
scleritis (43:5 per cent). The small number of 13 
eves with episcleritis, however, may have given an 
inaccurate picture when one considers the anatomy 
of the structures involved. The difference is not 
statistically significant. Non-rheumatoid inflam- 
mation showed a lower percentage of corneal 
involvement in episcleritis (18:9 per cent) than in 
scleritis (2870 per cent) although the difference was 









64:7% 


Scleritis 


I7 cases lone posterior scleritis) 
Riqht (I4 eyes) 


Left (I2 eyes) 







5B: Bolo 4|: 29]o 


not statistically. significant. Corneal complications 
showed a higher incidence in rheumatoid as 
compared with non-rheumatoid «disease, which 
was — statistically significant for — episcleritis 
(P —0:0005) but not for scleritis. 

The predominant corneal complication is a 
sclerosing keratitis which is usually localized at the 
site nearest to the inflamed sclera or episclera. 
Occasionally, in diffuse inflammation, the condition 
is annular (Fig. 4). The scar of sclerosing keratitis 
is permanent but in itself has little effect on visual 
acuity. However, of 10 patients with annular sclero- 
sing keratitis in whom visual acuity was assessed, 
six (60:0 per cent) had markedly reduced vision 
due to lens changes. 

Limbal guttering occurred in one eve with rheu- 


FIG. 4 Annular sclerosing 
keratitis in a patient with non- 
rheumatoid scleritis 


Table Xa Corneal complications (rheumatoid 
episcleritis and rheumatoid scleritis) 46 cases 





Eve inflammation 


Cases Per- 








Disease Eyes Unilateral Cases Bilateral 
(no, ) ( mo.) (no,) centage 
Episclentis 13 Localized Localized 
stromal p sclerosing 3 ^92 
Localized 
sclerosing 1 
Annular 
sclerosing 1 
Scleritis 62 Localized Localized 
sclerosing 2 sclerosing 6 43°5 
Annular Annular 
sclerosing 1 sclerosing 4 
Keratolysis 1 Grossly 
degenerate 
blind i 
Localized 


sclerosing 1° 





Three eves with scleritis (4:9 per cent) and one with episcleritis 
(7:6 per cent) developed a limbal gutter at the site of sclerosing 
keratitis 

Statistical analysis: y?=2 8300; P — NS 

In all unilateral cases and one bilateral case (marked with asterisk) 
only one eye was affected 


Table Xb Corneal complications (non-rheumatoid 
episcleritis and non-rheumatoid scleritis) 51 cases 





Eve inflammation 





Eves Unilateral Cases Bilateral Cases Per- 


Disease 
no.) in.) (no.) centage 
Episcleritis 53 Localized 
sclerosing 2° 18:9 
Localized 
sclerosing 2 
Annular 
sclerosing 1° 
Limbal 


guttering — ! 
Band kera- 
topathy ! 
Annular 
sclerosing — 2* 280 


Localized 
sclerosing 3 


Scleritis 2 


un 





Statistical analysis: y* —0:8311; P— NS 

Statistical analysis (rheumatoid versus non-rheumatoid): 
Episcleritis: x! = 12:9161; P= < o:0005 
Scleritis: x* —1:8091; P— NS 

*Both eyes were affected 





Limbal guttering in a patient with 
: her matoid episcleritis 


FIG. 5 
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matoid episcleritis, three eyes with rheumatoid 
scleritis (Fig. 5), and one eye with non-rheumatoid 
episcleritis. Apart from the last case, each occurred 
at the site of an area of sclerosing keratitis. A loca- 
lized stromal keratitis occurred deep in the mid- 
stroma in one patient with rheumatoid episcleritis. 
One patient with rheumatoid scleritis had a per- 
forating keratolysis, which is the corneal counter- 
part of a perforating scleritis. 


ANTERIOR UVEITIS (‘Tables XIa, b) 

The percentage of eyes with active uveitis or 
evidence of old uveitis was slightly lower in rheu- 
matoid episcleritis (23:1 per cent) compared with 
rheumatoid scleritis (28:3 per cent). The difference 
is not statistically significant. A similar picture 
emerged in non-rheumatoid episcleritis (17-0 per 
cent) and non-rheumatoid scleritis (20:0 per cent). 
Posterior synechiae suggesting a more active and 
plastic type of uveitis were found in seven of 17 
eyes with rheumatoid scleritis (41:2 per cent) as 
compared with one eye with posterior svnechiae 
associated with non-rheumatoid (20:0 
per cent). 


scleritis 


CATARACT (Table XII) 


The findings as regards the development of cataract 
in patients with rheumatoid scleritis who had 


Table XIa Anterior uveitis (rheumatoid episcleritis 
and rheumatoid scleritis) 45 cases 





Eye inflammation 





Disease Eves Unilateral Bilateral Per- 
( no.) ee centage 
Affected Cases Affected Cases 
eves [no.) eves no.) 
Episcleritis 13 —- 2° I 23°! 
! ! 
Scleritis ^o I 1 2 6 28:3 
(2 unknown) 1 4 





Statistical analysis: z* 01484; P — NS 


Table XIb Anterior uveitis (non-rheumatoid 
episcleritis and non-rheumatoid scleritis) 51 cases 





Eve inflammation 








Disease Eyes Unilateral Bilateral Per- 
(no. — - - - centage 
Affected Cases Affected Cases 
eves (no. ) eves [(mo.) 
Episcleritis 53 1 1 2 2 17'O 
1 2 
Scleritis 25 1 4 1 1 20:0 


E MÀ 
Statistical analysis: x* =o 1051; P — N35 
Statistical analysis (rheumatoid versus non-rheumatoird) 
Episcleritis: 7* —0:2608; P=NS 
Scleritis: y* —0:6388; P=NS 
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Table XII Posterior subcapsular cataract (PSC) 
in patients receiving systemic corticosteroids . 











Rheumatoid , . Cases Meanage Sex ratio Pee o. 
scleritis (no): + SD FIM PSC centage : 
Patients as — 55891299 35/1 9 36-0 
‘Control’ group 148 = sas:birs gój 17 II*5 





Statistical analysis: x! = 10°0639; P = «0-005 


received treatment with systemic corticosteroids are 
of particular interest. The incidence of posterior 
subcapsular cataract in patients with rheumatoid 
scleritis who had been treated with systemic cortico- 
steroids was high (36-0 per cent). Nine of 25 
patients who had received treatment with systemic 
corticosteroids had developed posterior subcapsular 
cataract. ''here were three further patients who had 
advanced cataract, two of whom had bilateral 
cataract (one had one aphakic eye), but these are not 
included for the purposes of statistical analysis. 
A previous’ study involving two of us (JW and 
DDMM), of the incidence of steroid-induced 
cataract in patients with’ rheumatoid arthritis, 
found that 17 of 148 patients with rheumatoid 
arthritis (11:5 per cent) who had received systemic 
corticosteroids had posterior subcapsular cataracts. 
These patients also attended the Centre for Rheu- 
matic Diseases, Glasgow. Comparison of the 
incidence of posterior subcapsular cataract in rheu- 
matoid scleritis (36-0 per cent) with posterior 
subcapsular cataract in patients with rheumatoid 
arthritis without scleritis (11-5 per cent), both 
groups receiving systemic corticosteroid treatment, 
is statistically significant (P—0-:005). 

-Qnly three other patients in the study had the 
characteristic form of cataract. One patient with 
rheumatoid episcleritis had bilateral posterior 
" subcapsular cataract and had been treated with 
systemic corticosteroids for an uncertain length of 
time. It is interesting that of 5r patients with non- 
rheumatoid episcleritis or scleritis, two patients 
developed posterior subcapsular cataract, and these 
were the only two patients of the non-rheumatoid 
group who were receiving systemic corticosteroid 
treatment. l = 


- 


POSTERIOR SEGMENT ABNORMALITY (Tables XIIIa, b) 


No patient with rheumatoid episcleritis had abnor- 
mality of the posterior segment of the eye. However, 
the percéntage of abnormal features in association 
with rheumatoid scleritis was 29:1 per cent. The 
commonest abnormality was a macular disturbance 
in II eyes (2070 per cent), although three of these 
eyes were myopic, and this might have affected their 
macular state. The origin of macular disturbance 
is difficult to determine in’ these cases, and. the 


results need to be viewed with caution. Many of 
the rheumatoid: patients received a .number of 
different antirheumatic drugs which might have 
disturbed the retinal picture. However, macular 
disturbance is a recognized complication of scleritis 
(Watson and Lobascher, 1965). Two eyes showed 
old foci of choroiditis and one eye, in a patient now 
deceased, optic atrophy of obscure origin, although 
the eye had been grossly inflamed and suffered a 
subsequent perforating keratolysis. It was interest- 
ing to find oedema of the optic nerve head in one 
case, suggesting a possible ischaemic optic neuro- 
pathy. One patient had an old detached retina. 

‘There was an area of old choroiditis in one case 
diagnosed as non-rheumatoid episcleritis (1:9 per 
cent of $2 eyes). Two eyes with non-rheumatoid 
scleritis had a possibly significant abnormality of 
the posterior pole (8:0 per cent of 25 eyes); in both 
cases these were areas of macular disturbance. 

There was a marked difference in the incidence 
of abnormality between rheumatoid episcleritis 
and scleritis. The significant difference between 
posterior segment complications in rheumatoid 
scleritis and non-rheumatoid scleritis (P—0-05) 
may refiect more severe disease i in ‘the rheumatoid 
patient. 


t 


INTRAOCULAR PRESSURE (Tables XIVa, b) 


One patient with rheumatoid episcleritis had 
bilateral raised intraocular pressure, but this was 


Tabie XIa Posterior segment abnormality 
(rheumatoid episcleritis and rheumatoid scleritis) 
42 cases l 








Episcleriti € Sderiti Per- 
9 eyes (4 unknown) 55 eyes (7 unknown)* centage 
— ° Macular disturbance ir 200t 
Old chorolditis 2 4a 
Optic atrophy 2i 
Oedema of optic nerve head x 
Old detached x 
ag 





Table XIIIb: ‘Posterior segment abnormality , 
(nton-rheumatoid episcleritis, and non-rheumatoid 
scleritis) 51 ‘cases MD" ` 





Epircleritis ` . Per- , Seleritis ' ! * Per- 


52 eyes (1 unknown) centage” ` as ays «| centage 


Old choroiditis ' 1 1'9 ' Macular disturbance 2 8o 
oona ERE 
*One case obecured by band ' ' ^ 
Statistical analysis: ~*~ 1:6651; PANS. 
Statistical analysis (rheumatold. versus nibn-cheamatoid): 

Scleritis: x*«4:3844; P= «oos . 
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Table XIVa Raised tntraocular pressure* (rheumatoid episcleritis and rheumatoid scleritis) 37 cases 








Eye inflammation 
Disease Eyes (wo.) Unilateral 

Cases Eyes affected 
Episcleritis o (4 unknown) 1: 2 
Scleritis 48 (14 unknown) I I 


*'l'he highest reading recorded is given in each case 


TA casa of closod-angle glaucoma not coauldered as positive as the raised pressure was not dus to inflammation 





Bil al Percentage 
TOP mmHg Cases Eyes affected. IOP mmHg 
26 mam — 
+25 
22 2 2 29 18-7 
+32 
26 
+23 
4 I 22 
Absolute glaucoma 22 


Table XIVb Raised intraocular pressure (non-rheumatoid episcleritis.and non-rheumatoid scleritis) 51 cases 





Eye inflammation 
Disease Eyes (no.) Unilateral 

Cases Eyes affected 
Episcleritis 53 ud 
Scleritis 25 3 I 





Bilateral Percentage 
IOP mmHg Cases Eyes affected IOP mmHg 
1 I 22 i 1:9 
a6 — 12:0 
30 
38 
30 
+28 
30 
+34 





*Both these cases, although unilateral cases of scleritis, received topical steroids to both eyes. On withdrawing topical steroids all four eyes 
reverted to normal intraocular pressures. They are considered cases of steroid-induced glaucoma and not primarily due to inflammation. 
Statistical analysis (rheumatoid versus non-rbeumatoid): Scleritis, x* «o:5453; P=NS 


due to closed-angle glaucoma and the condition 
settled with bilateral peripheral iridectomies. No 
other patient with rheumatoid episcleritis had 
raised intraocular pressure. Nine eyes with rheuma- 
toid scleritis (18-7 per cent) had raised intraocular 
pressure; in, two cases there was absolute glaucoma. 
Four eyes had levels recorded by applanation 
tonometry at or between 22 and 26 mmHg. One 
eye, with a reading at, 22 mmHg, was a case of old 
‘burnt out absolute glaucoma. One eye had a 
reading at 29 mmHg, one at 30 mmHg, and two 
at 32 mmHg. 

Only one patient with non-rheumatoid apceru 
had one eye with a tension fractionally above normal 
at 22 mmHg, a percentage of 1:9 per cent. Seven 
eyes with non-rheumatoid scleritis had raised 
levels but in two cases (four eyes) the level of 
pressure fell from 30 mmHg (right) + 28 mmHg 
(left) and 30 mmHg (right) + 34 mmHg (left) to 
within normal limits on withdrawing topical 
steroid treatment. It is considered that these were 
cases of steroid-induced glaucoma. The remaining 
three cases (12:0 per cent) include one patient in 
whom the intraocular pressure was 38 mmHg. In 
each case the highest reading récorded is given. 


+ 


Only one patient, a woman with unilateral euma: 
toid scleritis, required a drainage procedure to 
control her intraocular pressure. There was no 
flare-up of her scleritis. One patient with a pressure 
at 22 mmHg in one eye is still receiving miotic 
treatment. The intraocular pressure of the remain- 
ing patients all settled coincident with the quieten- 
ing of their inflammation, including those patients 
in whom pressures were recorded in the 30-38 
mmHg range. 


OCULAR MOVEMENTS (Tables XVa, b) 


No patient with rheumatoid episcleritis had 
evidence of muscle imbalance. Eight eyes with 
rheumatoid scleritis (12:9 per cent) showed limi- 
tation of movement of one extraocular muscle or 
more. Two cases, however, were based on a history 
of transient diplopia, suggesting tendon or muscle 
involvement consistent with the site of scleral 
inflammation. The limitation of movement in the 
remaining six cases was substantiated by orthoptic 
examination. 

Three cases of non-rheumatoid episcleritis (5-7 
per cent) suggested possible tendon and/or muscle 
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Table XVa Ocular movements (rheumatoid 
episclerttis and rheumatoid scleritts) 46 cases 





Disease Eyes (50.) Muscle imbalance Percentage 
Episcleritis 13 — — 
Scleritis 62 8* 12°9 





*Two cases based on history of transient diplopia 


Table XVb Ocular movement (non-rheumatoid 
episcleritis and non-rheumatoid scleritis) 51 cases 





Disease Eyes (no.) Muscle imbalance Percentage 
Episcleritis — 53 3* 57 
Scleritis 25 6T 24-0 





* Al] three cases tentatively based on history of transient diplopia 


Statistical analysis (rheumatoid versus non-rheumatoid): 
Scleritis: x?» 1°6248; Pa NS 


inflammation, but the conclusion is tentative. All 
three cases gave a brief history of diplopia which 
they associated with an inflamed eye. Six cases with 
non-rheumatoid scleritis (24:0 per cent) gave 
evidence of tendon and/or muscle imbalance, one 
case based on an account of intermittent diplopia 
and the remaining five cases confirmed by an 
orthoptic assessment. The difference in incidence 
between non-rheumatoid episcleritis and non- 
rheumatoid scleritis is statistically significant 
(P==0'025). 

One patient, a 34-year-old woman who had non- 
rheumatoid scleritis presented with a dramatic 
strabismus. Examination revealed a paresis of the 
left lateral rectus muscle. ‘This was the third time in 
three years that she had had an inflamed eye. On 
the first occasion there had been a paresis of the 
right medial rectus muscle. A biopsy (1X3 mm) 
of the middle section of tendon and muscle of the 
left lateral rectus muscle confirmed the presence of 
a tenomyositis. Chemosis was characteristic of each 
episode after a few days of ocular pain, and on each 
occasion was thought to herald the onset of an 
orbital cellulitis. 


KERATOCONJUNCTIVITIS SICCA (Tables XVIa, b) 


One patient with rheumatoid episcleritis (14:2 
per cent) had definite KCS, and four patients with 
rheumatoid scleritis (12:9 per cent). Of the patients 
with non-rheumatoid inflammation, four with 
episcleritis (12:1 per cent), and one with scleritis 
(5°6 per cent) had KCS. 

There were three further cases of possible KCS. 
One case was associated with rheumatoid episcleritis 
and two cases with rheumatoid scleritis. In each 


the Schirmer I tear test was markedly reduced. 
All three patients had died before complete exami- 
nation could be carried out and no Schirmer II test 
or rose bengal staining had been done. 


SJÓGREN'S SYNDROME 


Sjügren's syndrome is defined as a triad of features; 
KCS, xerostomia (with or without salivary gland 
swelling), and a connective-tissue disease. The 
presence of either K.CS or xerostomia with a systemic 
disorder is accepted as sufficient (Bloch, Buchanan, 
Wohl, and Bunim, 1965). 

Only two of the 37 cases of rheumatoid scleritis 
exhibited the triad of dry eyes, dry mouth, and a 
connective-tissue disorder (in this case rheumatoid 
arthritis). No case of rheumatoid episcleritis had 
the triad of features of Sjigren’s syndrome. How- 
ever, two further cases of rheumatoid scleritis and 
one case of rheumatoid episcleritis had KCS 
associated with the systemic disease. Eight further 
cases of rheumatoid scleritis and two cases of 
rheumatoid episcleritis also had xerostomia with 
rheumatoid arthritis. This means that the total 
incidence of Sjógren's syndrome, according to the 
criteria given, is I2 of 37 cases of rheumatoid 
scleritis (32:4 per cent) and three of nine cases of 
rheumatoid episcleritis (33:3 per cent). 


SICCA SYNDROME 


One patient with non-rheumatoid  episcleritis 
(3'0 per cent) had dry eyes combined with a dry 


Table XVIa  Keratoconjunctivitis sicca (rheumatoid 
episcleritis and rheumatoid scleritis) 42 cases 





Disease Cases (no.) No. of KCS cases Percentage 
Episcleritis 8 (1 unknown)* I 142 
Scleritis 34 (3 unknown)t 4 12g 


Dessus MEE ta EY 
The ‘unknown’ case had a markedly reduced Schirmer Í test 
Two ‘unknown’ cases had markedly reduced Schirmer I test» 
(one case is included as a positive KCS because of a reduced 
Schirmer I test with widespread rose bengal 

Statistical analysis: x* «-0:0096; P=NS 


Table XVIb  Keratoconjunctivitis sicca (non- 
rheumatoid episcleritis and non-rheumatoid 

scleritis) 51 cases 

ess MM EE —À-À—ÀÀ|ÁÁÀX]X6S, (P—X— — 


Disease Cases. (no.) No. of KCS cases Percentage 
Episcleritis — 33 4 I2'I 
Scleritis 18 I 5:6 


luu MM MEE A—À——— 
Statistical analysis: x5-20:5678; P —NS 
Statistical analysis (rheumatoid versus non-rheumatoid): 

_ Episcleritis: x! 00247; PoNS 

~ Scleritis: x*—o-6710; P -NS 
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Table XVII Articular features of patients with rheumatoid episcleritis and rheumatoid scleritis 








Rheumatoid episcleritis/scleritis Rheumatoid controls 
Features No. of Range Mean No. of Range Mean P value 
cases ( years) (years) SD SEM cases (years) (years) SD SEM 
D lon of d ARRAS T ER WAT So E TUER VES GC Tie T 
rheumatoid arthritis 46 O'$—50 145. * dim tag 46 0'17-48 9'a +102 rs <00 
Functional class 45 1—4 a7 dog tor 46 14 a +078 -+torr NS 
Articular index 43 0—78 ay'ı +200 X31 41 0-33 19°0 +129 — ao NS 
X-ray stage 36 I~} 2°97 tobi do 38 174 242 troy +017 «oor 
NS e Not significant 


mouth, features of the sicca syndrome, in which the 
dryness of mucous membranes is not associated 
with a connective-tissue disorder. 


RHEUMATOLOGY 


The following data refer to those patients with 
rheumatoid episcleritis or rheumatoid scleritis and 
compare them with a group of rheumatoid controls, 
matched for age and sex that is, patients with 
rheumatoid arthritis but with no evidence of 
episcleral or scleral inflammation. For the purposes 
of this paper, as regards the articular and extra- 
articular features of rheumatoid disease, the patients 
with rheumatoid episcleritis and scleritis are com- 
bined as one group and compared with the rheu- 
matoid control group. 


DURATION OF RHEUMATOID ARTHRITIS; FUNCTIONAL 
CLASS; ARTICULAR INDEX, AND X-RAY STAGE 
(Table XVII) 


The range of duration was huge in both rheumatoid 
episcleritis/scleritis and in rheumatoid controls, 
from a few months to 50 years. However, episcleritis 
and scleritis occurred in patients with longer- 
standing rheumatoid arthritis (mean values 14°5 
years compared with 9:2 years). The difference 
is statistically significant (P — 0:05). 

The functional class measures in four grades of 
increasing severity the degree of functional inca- 


incapacity was the only investigation in which the 
rheumatoid control group showed a more severe 
degree of abnormality compared with the rheuma- 
toid episcleritis/scleritis group. The mean value 
for 45 known cases of rheumatoid episcleritis/ 
scleritis was 2:17 and for 46 cases in the rheumatoid 
control group was 2:28. 

The articular index records the number of 
involved joints and the severity of their involvement 
as judged by tenderness to pressure over the joint 
margin. The matched group of rheumatoid controls 
had a mean value of 19. The difference between the 
control group and the combined rheumatoid epi- 
scleritis/scleritis group (mean value: 23:1) was not 
statistically significant. ; 

The x-ray stage indicates radiologically the 
degree of bone and joint involvement categorized 
in four stages of increasing severity. Comparison 
of the rheumatoid episcleritis/scleritis group (mean 
value: 2:97) and the group of rheumatoid controls 
(mean value: 2°42) indicated that episcleritis and 
scleritis occurred in a group with more severe 
erosive arthritis. The difference is statistically 


significant (P —o-or). 


SUBCUTANEOUS NODULES; PERIPHERAL NEUROPATHY; 
SKIN ULCERS; SKIN BRUISING; SKIN ATROPHY}; 
AMYLOID; TENDON RUPTURE AND SPLENOMEGALY 
(Table XVIID 


Of 46 cases with rheumatoid episcleritis or scleritis 





pacity due to arthritis. The study of functional 23 had subcutaneous granulomatous nodules 
Table XVIII Extra-articular features in patients with rheumatoid episcleritis and rheumatoid scleritis 
Rheumatoid episcleritisiscleritis Rheumatoid controls 
Extra-articular features No. of cases No. of cases P value 
No. of cases positive Per cent No. of cases poritive Per cent 
Subcutaneous nodules 46 23 50°0 46 lI 23'9 « O"OI 
Peripheral neuropathy 45 3 8:9 46 I az NS 
Skin ulcers 45 6 13'3 45 a 44 NS 
bruising 46 1I 239 46 g 109 NS 
atrophy 46 16 348 46 5 10:9 «oot 
Amyloid 46 a 4'4. 46 o — m 
Splenomegaly 46 5 10'9 46 1 aa NS 
Tendon rupture 46 o — 46 o — — 
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(so-o.per cent). Comparison with the incidence in 
the rheumatoid control group (23:9 per cent) 
showed a statistically significant difference 
(P —o-or). 

Three of 45 known cases of rheumatoid episcleri- 
tis or scleritis (8:9 per cent) revealed a high inci- 


dence of peripheral neuropathy as compared with - 


only one case in the rheumatoid control group 
(2:2 per cent) However, the difference is not 
statistically significant. Two of the patients with 
rheumatoid episcleritis/scleritis had received treat- 
ment with systemic corticosteroids and two had 
been given gold therapy (one patient had received 
both). Either of these treatments could have pro- 
duced neuropathy. The patient in the rheumatoid 
control group had not received systemic treatment 
with corticosteroids or gold. 

Six of 45 known cases with rheumatoid episcleritis 
or scleritia (13:3 per cent) had skin ulceration as 
compared with two of 46 cases in the rheumatoid 
control group (4:4 per cent). The difference is not 
statistically significant for these numbers. Three of 
the patients with rheumatoid episcleritis or scleritis 
had received treatment with systemic cortico- 
steroids and both patients in the rheumatoid 
control group had received similar medication. 

Skin bruising occurred more often in ‘patients 
with rheumatoid episcleritis or scleritis (11 cases; 
23'9 per cent) as compared with the rheumatoid 
controls (s cases; 10°9 per cent). The difference 
for these numbers is not statistically significant. 
Ten of the patients in the rheumatoid episcleritis/ 
scleritis group had received treatment with systemic 
corticosteroids and four of the five positive cases 
in the rheumatoid control group had been similarly 
treated. 

Skin atrophy was found in 16 patients in the 
rheumatoid episcleritis/scleritis group (34:8 per 
cent) as compared with five patients in the rheuma- 
toid control group (10:9 per cent); this is statistic- 
ally significant (P -:o-or). Ten of the patients in the 


rheumatoid episcleritis/scleritis group and five in 
the rheumatoid control group had been given 
systemic corticosteroid treatment. 

There were two men considered as having 
secondary amyloidosis; both had bilateral rheu- 
matoid scleritis. One case was confirmed by liver 
biopsy. No case of amyloidosis was confirmed in 
the group of rheumatoid controls. 

No patient with rheumatoid episcleritis/scleritis 
and none of the rheumatoid control group suffered 
tendon rupture. 

The incidence of splenomegaly in the rheumatoid 
episcleritis/scleritis group was five of 46 cases 
(109 per cent). Only one patient of 46 rheumatoid 
controls (2:2 per cent) had a palpable spleen. The 
difference for these numbers is not statistically 


significant. 


Laboratory investigations 


The following data record information found in 
six groups of patients; patients with rheumatoid 
episcleritis and rheumatoid scleritis, non-rheuma- 
toid episcleritis and non-rheumatoid scleritis, and 
patients with rheumatoid episcleritis and scleritis 
combined as one group for comparison with the 
rheumatoid control group. 


HAEMOGLOBIN; ERYTHROCYTE SEDIMENTATION RATE 
(ESR); ALBUMIN/GLOBULIN RATIO; ALKALINE 
PHOSPHATASE; URIC ACID; SERUM GLUTAMIC 
OXALOACETIC TRANSAMINASE (SGOT), and SERUM 
GLUTAMIC PYRUVIC TRANSAMINASE (SGPT) 

(Tables XTXa, b, c) 


For the purposes of comparison ‘haemoglobin 
results for both men and women are grouped 
together. In patients with rheumatoid episcleritis 
the mean value was 87:6 per cent but in those with 
rheumatoid scleritis it was 83:4 per cent. The 
mean haemoglobin value for patients with non- 


Table XIXa Laboratory investigations 1n patients with rheumatoid episcleritis and rheumatoid scleritis 





Laboratory 

investigation No. of 
cases Mean SD SEM 

Haemoglobin ESR 9 87-6 per cent EIRA zs 
7 74'4 mmj/1st h +379 

(Westergren) 
Albumin/globulin 
ratio 9 o:88 0°37 

Alkaline phosphatase 9 12:07 KA units +473 

Uric acid 8 4°6 mg/1oo ml + r:66 

SGOT 8 17:88 TU/1 +8:17 

SGPT 8 15°88 IU/I +12°86 


Rheumatoid scleritis 

No. of P value 

cases Mean SD SEM 

47 81:4 per cent +182 iae NS 

30 65-3 mm/rst h +36°1 4:66 NS 
(Westergren) 

37 1'03 oar coo] NS 

37 14:68 KA units +1273 +29 NS 

35 4:88 mg/roo ml Er? horas NS 

30 29:33 IU/ +4323 +789 NS 

30 23:87 IU/I +363 +6063 NS 


Normal values: haemoglobin 90-125 per cent male, Bo—rio per cent female; ESR 5-12 mm/rst h male, o-7 mm female; A/G ratio 1:03— 
2:36 g/100 ml; alkaline phosphatase 5-15 KA units; uric acid 2:2—7:a mg/r1oo ml male, o*5-577 mg/1oo ml female; SGOT 11-35 IU/ 


SGPT 4-38 IU/l 
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Table XIXb Laboratory investigations in patients with non-rheumatoid episcleritis and non-rheumatoid scleritis 


Non-rheumatotd episcleritis Non-rhewmatoid scleritis 
Laboratory No, of No. af T P value 
investigations o, canes Mean SD SEM catet Mean SD SEM : 
Haemoglobin 31 99-9 per cent diga 16 18 98:4 per cent 480o +19 NS 
ESR a7 13°3 mm/rat h +148 o sas , 18 19:9 mam/1st h +130 3'4 NS 
introbe 
Albumin/globulin f 
ratio 33 1'75 : +0°38 +007 18 I'53 0°33 +0:08 « 0°05 
Alkaline phosphatase 33 7:36 KA units +261 +0°48 18 8-06 KA units +333 +079 NS 
Uric acid 33 5:39 mg/roo mi +290 +033 18 4°41 mg/1oo'ml iras ‘+o-29 NS 
SGOT 32 20:56 IU/1 +7'9 1-4 18 22:67 IU/1 i:16:04. -E3:78 NS 
SGPT 32 19°88. IU/1 +9°13 +161 18 19:39 TU/l i127 +2'99 NS 





Normal values are given with Table XIXe ` 


Table XIXc ‘Taos investigations in OH with rheumatoid episcleritis and rheumatoid scleritis : 
comparison with rheumatoid controls 


Rheumatoid episcleritis/scleritis Rheumatoid controls + 
Laboratory No. of ^ No. of ` P value 
invettigations cases Mean SD SEM cates Mean SD SEM 
ea a D, a a a E a a — ———— m 
Haemoglobin 46 84:3 per cent +176 +2°6 45 90-1 per cent +12°3 +183 NS 
ESR 37 67:1 mmj/1st h +461 +59 48 48:4 mm/1st h +4471 cs « 0-025 
(Westergren) estergren) 

Albumin/globulin 

ratio 46 ro Xo4 +0°6 40 112 +039 +0°06 NS 
Alkaline phosphatase 46 14'2 KA units +316 cr 4i 11°55 KA units +37 +o s8 NS 
Uric acid 43 4'8 mg/1oo ml trs +023 40 4°36 mg/roo ml eae +018 NS 
SGOT 38 26-9 IUA ` +387 +63 27 14:6 TU Xs cro NS 
SGPT 38 2a:2 IU/l i328 +53 23 12:0 IU] d5:5 +r NS 





Normal values are given with Table XIXa 


rheumatoid episcleritis was 99°9 per cent, signifi- 
cantly higher than in those with rheumatoid epi- 
scleritis (P=0-005). A similar significant difference 
was found for patients with non-rheumatoid scleritis, 
in whom the mean value for haemoglobin was 98:4 
per cent, compared with patients with rheumatoid 
scleritis (P —0-005). Comparison of the rheumatoid 
episcleritis/scleritis group with rheumatoid controls 
suggested that the anaemia might be more severe 
in patients with eye inflammation (84:3 to 9o:1 per 
cent) but the difference is not PER significant 
for these numbers. 

For the purposes of comparison ESR readings 
for both men and women are grouped together. 
The ESR in rheumatoid inflammation was very 
much higher than that in patients with non- 
rheumatoid episcleritis or scleritis. Unfortunately 
the methods differed in the two groups. The 
Westergren method was used at the Centre for 
Rheumatic Diseases and the Wintrobe method at 
the Tennent Institute. There is, however, an 
obvious difference in severity which does not 
require exact comparison. The mean value in 
rheumatoid episcleritis was 74:4 mm/1st hour and 
in rheumatoid scleritis 65:3 mm/1st hour (Wester- 
gren). Patients with non-rheumatoid episcleritis 


had a mean value of 13:3 mm/1st hour and those 
with non-rheumatoid scleritis gave a mean value of 
19:9 mm/1st hour (Wintrobe). The ESR in rheu- 
matoid episcleritis/scleritis patients was higher than 
in the rheumatoid control group; mean values were 
67:1 mm compared with 48:4 mm. The difference 
in these values is statistically significant (P — 0:025). 

The mean value of the albumin/globulin ratio in 
rheumatoid episcleritis was o:88 while that for 
rheumatoid scleritis was 1:03. There was a high 
percentage of reversed ratios in both rheumatoid 
episcleritis (66-7 per cent) and scleritis (62:2 per 
cent). Non-rheumatoid patients with episcleritis 
showed a mean value of 1°75 and those with 
scleritis a mean value of 1°53. The difference 
between these two figures is significant (P=0-o5). 
Neither of the groups with non-rheumatoid inflam- 
mation had any patient with a reversed ratio. There 
was a highly significant difference between rheuma- 
toid and non-rheumatoid episcleritis (P — 0:001) and 
rheumatoid and non-rheumatoid scleritis (P — 0-001). 
The mean value of the albumin/globulin ratio in 
the rheumatoid episcleritis/scleritis group (1:0) 
was more abnormal than the group of rheumatoid 
controls (1:12), but the difference was not statisti- 
cally significant. Consistent with these findings, the 


208 British Journal of Ophthalmology 


number of patients with a reversed albumin/globulin 
ratio was greater in the combined episcleritis/ 
scleritis group (63:0 per cent) than in the rheuma- 
toid control group (47°5 per cent). 

None of the mean values in all six groups 
studied is outside the normal range for alkaline 
phosphatase of 5-15 King Armstrong units, 
although it is interesting to note that the mean 
value for rheumatoid scleritis is at the upper limit 
of normal, and also that 10 of 37 cases with rheuma- 
toid scleritis (27-0 per cent) had raised readings. 
Further, it is noteworthy that there is a statistically 
significant difference between the levels for rheu- 
matoid episcleritis and non-rheumatoid episcleritis 
(P—o:oor) and between rheumatoid scleritis and 
non-rheumatoid scleritis (P —0:05). 

As with alkaline phosphatase, none of the mean 
values for serum uric acid levels in the six groups of 
patients investigated was outside the normal range. 

A similar pattern emerged for SGOT and 
SGPT, where all mean values recorded were within 
normal limits. 


WASSERMANN REACTION; VDRL SLIDE TEST, AND 
REITER PROTEIN COMPLEMENT-FIXATION TEST 


The following data relate only to those patients 
with eye inflammation, both rheumatoid and non- 
rheumatoid. Seven of the patients with rheumatoid 
episcleritis and 28 of the patients with rheumatoid 
scleritis had these investigations and no patient 
gave a positive result. All the patients with non- 
rheumatoid episcleritis and with non-rheumatoid 
scleritis gave similarly negative results. 


ANTISTREPTOLYSIN-O TITRE (ASO); BRUCELLOSIS AND 
TOXOPLASMOSIS 


The following data relate only to those patients 
with rheumatoid episcleritis and scleritis, and non- 
rheumatoid episcleritis and scleritis. 


One patient with rheumatoid episcleritis (14:3 
per cent) had a raised ASO titre at 724 units and 
six with rheumatoid scleritis (20°7 per cent) had 
raised titres at 320 units (2), 400 units (2), 500 
units, and 640 units. Three patients with non- 


. rheumatoid episcleritis (9:1 per cent) showed raised 


ASO titres, two readings at 320 units and one at 
1280 units. One case of non-rheumatoid scleritis 
(5:6 per cent) had a raised titre at 320 units. None 
of the patients with a raised ASO titre had erythema 
nodosum. 

Only one of 28 patients with rheumatoid scleritis 
(3:5 per cent) had a tentative positive result for 
brucellosis. The standard agglutination test gave a 
titre of 1/80 for Brucella abortus, but the Coombs’ 
test was negative. Serum was anti-complementary. 
One patient with non-rheumatoid episcleritis (3-1 
per cent) had a positive titre for Brucella abortus 
at 1/160 in both the standard agglutination and 
Coombs’ test. However, the complement-fixation 
test was negative. 

The only group of patients with a percentage 
incidence of positive toxoplasmosis dye test titres 
outside the normal adult range, approximately 
30-40 per cent (Ludlam, 1972), was the very small 
group of seven cases with rheumatoid epiacleritis 
in which the percentage was 71:4 per cent (‘Tables 
XXa, b). It is interesting to note that 8-6 per cent 


- of the patients with rheumatoid episcleritis or 


rheumatoid scleritis had a titre of 1/256 or more. 
The group with non-rheumatoid episcleritis and 
non-rheumatoid scleritis showed only one in the 
same range (1/1024), zo per cent. It is probable 
that in the normal adult population the incidence 
of antibodies at a titre of 1/256 is not more than r:o 
per cent (Beattie, 1958; Ludlam and Beattie, 1963). 


AUTOANTIBODIES (T'ables X XIa, b) 


The following results refer only to those patients 
with rheumatoid and non-rheumatoid eye inflam- 


Table XXa Toxoplasma dye test titres in 35 cases (rheumatoid episcleritis and rheumatoid scleritis) 











4- 1/16 + I/32 +1/64 --1/128 4- 1/256 4- 1/s1a -F 1/1024. 
Episcleritis 7 (a unknown) 2 — I a — I — — I 
Total+ x (71:4 per cent) 
Scleritis 28 (9 unknown) I5 3 I 6 — i 1 x — 
Toter! + 13 (46:4 per cent) 
Table XXb Toxoplasmosis (non-rheumatoid episcleritis and non-rheumatoid scleritis) 51 cases 
Disease C'ases « 1/8 +1/8 +1/16 +-1/42 4- 1/64 -F 1/128 -- r/a86 4-r/s12 +1/1044 
Episcleritis 33 17 — 8 2 I oe — — 
Total +- 16 (48:5 per cent) 
Scleritis 18 12 — 


1 I 3 
Total+ 5 (27:8 per cent) 





Table XXIa Autoantibodies (rheumatoid 
episcleritis and rheumatoid scleritis) 46 cases 








Episcleritis (9 cases) 
Aytoantibody Cases (no.) Per- 

+ Weakly + centage 
Rheumatoid latex 9 9 o 100 
Antinuclear factor 9 a o 22°2 
Thyrogiobulin TRC 9 o o — 
"Thyroid'microeomal 9 1 o III 
Smooth muscle 8 (1 unknown) t1 o 12:5 
Sallvary duct 9 4 o 444 
Gastric parietal cell 9 3 o 33:3 
Mitochondrial 8 (1 unknown) o o — 

Sdleritis (37 cases) 
Rheumatoid latex 37 35 1 97:3* 
Antinuclear factor 37 8 I 24'3 
Thyroglobulin TRC 37 3 o 8:1 
‘Thyroid microsomal 37 4 a 16-2 
Smooth muscle 34 (3 unknown) 2 6 235 
Salivary duct 35 (2 unknown) 5 5 a8:6 
Gastric parietal cell — 37 5 I 16:2 
Mitochondrial 34 (3 unknown) o o — 





*One' case is included in which the Roso-Waalor test was used 


Table XXIb Autoantibodies (non-rheumatoid 
episcleritis and non-rheumatoid scleritis) 51 cases 





Episcleritis (33 cases) 





Autoantibody 

+ Weakly + Percentage 
Rheumatoéd latex o I 30 
Antinuclear factor I 2 9'I 
Thyroglobulin TRC o I 340 
"Ihyroid microeomal 3 I IA:I 
Smooth muscle o o — 
Salivary duct o o — 
Gastric parietal cell 1 4 15:2 
Mitochondrial o o — 

Scleritis (18 cases) 
Rheumatoid latex o 6 333 
Antinuclear factor 4 2 333 
"Thyroglobulin TRC o o — 
“Thyroid microsomal I o 5°6 
Smooth muscle I I III 
Salivary duct fe) o — 
Gastric parietal cell 2 o riz 
Mitochondrial o o — 





mation. Apart from the relatively high incidence of 
salivary duct antibody in the small group with 
rheumatoid episcleritis, where a positive result was 
given in four of nine cases (44:4 per cent), and an 
apparently high incidence of smooth-muscle anti- 
body in rheumatoid scleritis, where eight of 34 
cases were positive (23:5 per cent) (although six of 
these were only weakly positive) the positive 
‘autoantibodies listed in Table XXIa in patients 
with rheumatoid episcleritis and rheumatoid scleri- 
tis is generally in the range expected for patients 
with rheumatoid arthritis (see Discussion). The 
possibly significant finding in the non-rheumatoid 
patients is the high incidence of a weakly positive 
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rheumatoid factor in patients with non-rheumatoid 
scleritis, six of 18 cases (33:3 per cent). Also, six 
patients had a positive antinuclear factor (33:3 
per cent); in two of them this was weakly positive. 
Three patients had a positive rheumatoid factor 
together with a positive antinuclear factor. The 
remaining autoantibody investigations in the non- 
rheumatoid patients were in the range accepted for 
a general population (see Discussion). 


Rs TITRE (Table XXII) 


Sixteen of the rheumatoid episcleritis/scleritis 
group (42:1 per cent) had titres of 1/512 or higher 
compared with eight of the rheumatoid controls 
(21:6 per cent) The difference was just outside 
significance for these numbers (x*—3:6148). 


IC/1A GLOBULIN (HUMAN COMPLEMENT C3); 
IMMUNOGLOBULIN IgG, IMMUNOGLOBULIN IgA, 
AND IMMUNOGLOBULIN IgM (Tables X XIIIa, b) 


These data also relate only to those patients with 
rheumatoid and non-rheumatoid eye inflammation. 
The mean values for rheumatoid episcleritis and 
rheumatoid scleritis, and non-rheumatoid episcleri- 
tis and non-rheumatoid scleritis, all fall within the 
normal range for each of these investigations. 
Tables XXIlIIa, b record the occasional readings 
which do not fall within the normal range. 'l'hese 
variants predominated in the investigation of rc/ra 
globulin, where six patients with rheumatoid 
episcleritis or rheumatoid scleritis and six patients 
with non-rheumatoid episcleritis and non-rheuma- 
toid scleritis had depressed levels. 


BACTERIOLOGY; VIROLOGY, AND MYCOLOGY 


Examination of the conjunctiva for bacteria, viruses, 
and fungi was carried out only in those patients 
seen at the T'ennent Institute of Ophthalmology. 
One patient with non-rheumatoid episcleritis 
had a coagulase-negative staphylococcus. One 
patient with rheumatoid scleritis and one patient 


Table XXII R, titres 


Rheumatoid controls 


Episcleritis/sclents " 
37 cases (b unknown) 


20 38 coses (8 unknown) 


Un 


No. of cases 
O 





l | | | 1 l} | 
32 ba 128 256 512 OM 2048 


Iu iF f f] 
64 128 256 5D ON 2048 


I 
x 
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Table XXIlla  8lc/8la globulin and immunoglobulins IgG, IgA, and 1gM tn rheumataa episcleritis and 
rheumatoid scleritis 














Outside normal Otsida normal 
Globulin or — ` Cases Mean SD SEM Below Above Cases Mean SD SBM Below Above 
immunoglobulin (no.) (mg]ioo mi) — —— (mo) (mg/100 ml) mooo 
Per 1 Per Per 
No. cent No. cent No. cent 
Blc/Bla globulin 8 126°5 zai: A156 2 — ayo— 33 1423 +3647 +64 4 Ia12 — 61 
Immunoglobulin 1G 7 13657 c546:4 +2065 — — 33 1717'3 +7902 41376 1 302 61 
IgA 7 391'4 E1548 +578 — — 33 . 4885 Xaso3 :b4s8a -— 3 91 
IgM 7 141'7 +878 +219 — — 33 193'3 dZirao figs — — 


xc sns ipii ir LDPE HAS CA RS RINSE SE NEE EDS OEC ATR E IN EUMDEM ET CNN N DX CA CH I NN TK rs s ss cs EC M ss À IS ISIE GR Us AGE SEEN A OR TALE vot tA E UB I MN GE dco RMLE AE Dt MONA SM OM AU RN TE NUSIRO IK DU ET EE uci 
Normal values: Ble/Bla globulin 100-190 mg/1oo ml; immunoglobulin 1gG 560-2800 mg/10oo ml; imrmumoglobulin 1A 104-845 mng/100 ml; 
immunoglobulin 15M. 54-443 mg/100 ml 


Table XXIJIb 6lc/Bla globulin and immunoglobulins 1gG, 1544 and 15M in non-rheumatoid episcleritis 
and non-rheumatotd scleritis 











Non-rheumatoid episcleritis Non-rheumatoid scleritis 
Outside normal Outside normal 
Globulin or Cates’ Mean SD SEM Below Above Cases Mean SD SEM Below Above 
immunoglobulin (no.) (Gmgí1oo mI) ——- (no) (mgjioo mi) ———— 
Per Per Per 
No. cent No. cent No. cent 
Bic/Bla globulin a9 — 134'5 cL3ro +59 3 104— 16 — 1488 4442 tiro 3 188: 63 
Immunoglobulin 1gG — a9 12282 +4917 +913 — — 17 1334-1 +3394 :k8a3 — — 
IgA 29  34rs +1797 +334 I 34— 17 4031 caspy6 +65 1 SOI 59 
IgM 29 1690 +86 +160 1 34— 17 202:3 1098 +2677 — I 5&9 





Normal values are given with Table X XIIIa 


with non-rheurnatoid scleritis was a carrier of Table XXV Cause of death and associated disease 





Stayhyloceccus albus. recorded on death certificates (17 cases) 
No case in the series had any virus cultured from SARTEN l 
the conjunctiva. UM episcleritis] Rheumatoid 
. . ; à "n" tis controls 
Two patients with non-rheumatoid episcleritis (11 cases; 4 unknown) ' (6 cases) 


had fungi isolated from the conjunctiva, in both 
cases the Penicilhum species. Two patients with 
rheumatoid scleritis had fungi present, in one case Myocardial infarction and 


No. Percentage No. Percentage 




















P us. f i congestive cardiac failure 5 5'5 4 66°7 
Penicillium and in one Aspergillus. One further case Pende akenio : its i 
with non-rheumatoid scleritis produced a fungus Cerebrovascular accident I gi a 333 
. : Bronchopneumonia I I 1677 
of the Paecilomyces species. Dunt bois : : 
Pulmonary oederna 1 o 
H 
MORTALITY (Tables XXIV and XXV) erie stenosis and j ° 
! : : incompet I 
The following data relate to those patients with Hepatitis SES I 5 
“ * +42 : TS ‘Natural cruses’ Y o 
rheumatoid episcleritis and rheumatoid scleritis, eoon dins o 
Renal failure o I 
Perforated diverticulum of 
" . i "P" colon I 
Table XXIV Mortality (rheumatoid episcleritis, Diabetes (maturity onset) e I 
rheumatoid scleritis and rheumatoid controls) 66 cases 
Diseare Cases Deceared Percentage 
7 sida? rer oer — comparing them with the rheumatoid control 
idus 23 dukaown)* ac 45-5 group, matched for age, sex, and year of presenta- 
Rheumatoid controls 33 (a unknown)? $ 18-2 tion. 
Suduiclandab: ert Pa coon: By February 1974, 15 of 33 known cases of 


*These four patients could not be traced rheumatoid episcleritis or rheumatoid scleritis. 


Table XXVI Type I allergy (atopy) 23 patients 


Episcleritis and scleritis a1x 





House dust 
Age Sex Diagnosis Control House mite 
f years) dust 
34 Female Episcleritis — — - 
40 Female Scleritis - = 
34 Female Episcleritis ~ + 
37 Female Episcleritis — + ++ 
50 Female Epiecieritis — = S 
22 Male Episcleritis ++ — ~ 
76 Female Scleritis - - - 
61 Female Episcleritia — - - 
35 Female Episcleritis — -— — 
36 Female Episcleritis — + ++ 
SI Female Scleritis - + +, 
46 Male Episcleritis — - 
47 Female Scleritis - — 
67 Female Episcleritis — - e 
40 Male Episcleritis — - 
40 Male Episcleritis — - — 
2I Male Episcleritis — + + ' 
34 Female Scleritis — — - 
49 Female Episcleritis — + ++ 
50 Male Episcleritis — -— + 
70 Female Episcleritis — -— 
43 Male Scleritis -— = — 
xo Maie Episcleritis — - + 


++ 
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(45°5 per cent) had died since examination. The 
control group of patients by February 1974 gave 
only six of 33 known cases (18-2 per cent) who 
were deceased. The difference is statistically 
significant (P =0'025). 

The details of cause of death, as recorded on the 
death certificates of these patients, give the expected 
high incidence of cardiovascular and respiratory 
disease. One unexpected feature was the finding 
that three patients of the rheumatoid episcleritis/ 
scleritis groups (27:3 per cent) died after gastro- 
intestinal haemorrhage. 


TYPE I ALLERGY (ATOPY) (Table X XVI) 


Skin tests in 23 patients, all with non-rheumatoid 
eye inflammation, and all but six of them cases of 
episcleritis, did not suggest that there is an in- 
creased incidence of atopic disease in these patients. 
Of the 23 patients, four had a mild positive reaction 
to house dust or house dust mite, and five had 
positive skin tests to more than one antigen. Three 
of the patients with positive skin tests gave a clear 
history of either hay fever or asthma; the remaining 
patients with positive skin tests had no clinical 
history of type I allergy. 


Discussion 

OPHTHALMOLOGY 

There have been few reports reviewing episcleritis 
and scleritis; most papers have been on individual 


cases of interest. Studies by Watson and Lobascher 
(1965), Sevel (1965), Watson (1966), Sevel (1967), 


Lyne and Pitkeathly (1968), Fowler (1970), Jayson 
and Jones (1971), with follow-up studies by Jones 
and Jayson (1973), Watson (1974), and Lyne 
(1974), are the sum total of reviews. The incidence 
of scleritis in rheumatoid arthritis in the study 
presented has some aimilarity with the majority of 
reports previously documented (Table XXVII). 
Jayson and Jones (1971) in a group of 142 patients 
had a notably dissimilar figure and Sevel's estimate 
of one case of scleritis in 3000 patients with rheuma- 
toid arthritis is much lower than our own conclu- 
sions. As with the review of Jayson and Jones 
(1971) this present series was a prospective study 
for incidence. The incidence of episcleritia in 
patients presenting with rheumatoid arthritis has 
not been documented elsewhere, which is under- 
standable as the condition is relatively uncommon, 
at least in so far as presentation is concerned. Only 
seven patients, an average of approximately one for 
each year of the study, are included in this group. 


Table XXVII Scleritss in rheumatoid arthritis 





Patients with 
Authors Date Percentage 
Rheumatoid 
arthritis Scleritis 
Smith 1957 465 a o4 
Bywaters I 1000 1-2 O's 
Hart 1964 goo +7 o8 
Richardson 1964 1000 +3 0:3 
Sevel 1965 4000 I 0:03 
(Estimate) 
Jayson and 
Jones 1971 142 9 6:3 
Present study 1976 4210 28 o:67 
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Reports giving the incidence of rheumatoid 
arthritis in episcleritis and scleritis (Table XXVII) 
are consistent with the findings of this study. It 
will be interesting to follow up the patients without 
apparent rheumatoid disease some years hence, 
particularly in view of the finding of one patient 
with episcleritis and six with scleritis, each of 
whom had a weakly positive rheumatoid factor. 

A very interesting question posed by Sevel 
(1966) is whether scleritis has been seen more often 
in recent years. À histogram of his 43 cases which 
had presented at the Pathology Department, Insti- 
tute of Ophthalmology, London, between 1950 
and 1964 suggests an increased incidence of scleritis 
since 1954. Studies in rheumatoid arthritis suggest 
that the incidence of rheumatoid vasculitis has 
increased since the advent of treatment with sys- 
temic corticosteroids (Ferguson and Slocumb, 
1961; Smyth and Gum, 1961), although this view 
does not have unquestioned acceptance (Schmid, 
Cooper, Ziff, and McEwen, 1961). It may be that 
the same vasculitis that 1s possibly related to 
systemic corticosteroid treatment, in particular to 
variations in dosage (Slocumb, 1953), has been 
instrumental in initiating a greater frequency of 
scleritis. Systemic corticosteroids were first used in 
the treatment of rheumatoid arthritis in 1949 
(Hench, Kendall, Slocumb, and Polly, 1949) and 
in the treatment of scleritis in 1951 (Talkov, 
Colpoys, Davis, Papper, and Fienberg, 1951). 

The only reports giving the mean age of patients 
with scleritis in rheumatoid arthritis are those of 
Sevel (1966), and Jayson and Jones (1971). The 
nine patients of Jayson and Jones had a mean age 
of 56:5 years, which is similar to the figure given 
here (Table IIIa). Sevel's series of 11 cases with 
rheumatoid scleritis had a mean age of 64:1 years, 


Table XXVIIIa Rheumatoid arthritis in scleritis 





Patients with 
Authors Date Percentage 
Rheumatoid 
Scleritis arthritis 
Watson 1966 108 35 324 
Lyne and 
Pitkeathly 1968 31 9 29'0 
Present study 1976 27 9 333 








Patients with 
Authors Dats Percentage 
Episcleritis arthritis 
Watson 1966 117 4 34 
Lyne and 
Pitkeathly 1968 55 3 £*5 
Present study 1976 35 a 57 


but these were eyes which required enucleation, 
and so were particularly severe examples. Nine 
patients in our study with rheumatoid episcleritis 
gave an almost exactly similar mean age as the 
patients with rheumatoid scleritis (Table IIIa). 
Non-rheumatoid inflammation presented a lower 
mean age, particularly for episcleritis (Table ITI). 
Lyne and Pitkeathly (1968) reported a similar 
picture in 55 cases of episcleritis with men having 
a mean age of 45 years and women 48 years, but 
their figures included three cases of rheumatoid 
arthritis. Their 31 cases of scleritis, including nine 
cases of rheumatoid arthritis, had a mean age of 
49 years for men and 5o years for women. It may 
be that rheumatoid episcleritis and scleritis tend to 
affect a slightly older age-group of patients with 
rheumatoid disease. Two of us (JW and DDMM) 
examined a group of 148 patients with rheumatoid 
arthritis for evidence of steroid-induced cataract, 
and their mean age was 52:5 years. The control 
group of 159 patients with rheumatoid arthritis, 
who had never been treated with systemic cortico- 
steroids, had a mean age of 49:3 years (William- 
son, Paterson, McGavin, Jasani, Boyle, and Doig, 
1969). In the progression of the disease the most 
severe cases affect an even older age-group; this 
was evident in the pathological series of Sevel 
(1966). The predominance of women with rheu- 
matoid ocular inflammation (Table IIIc) reflects 
the higher incidence of women with rheumatoid 
arthritis, a ratio of 2 or 3:1 (Boyle and Buchanan, 
1971), and this agrees with previous studies (Sevel, 
1965; Jayson and Jones, 1971). Non-rheumatoid 
inflammation presents us with an intriguing prob- 
lem. The report of Lyne and Pitkeathly (1968), 
with only three cases of rheumatoid arthritis in 
their 55 cases of episcleritis, supports the evidence 
of this study that non-rheumatoid episcleritis 
occurs equally in the sexes (Table IIId). If episcleri- 
tis is due to immune-complex disease and has a 
similar basis in this respect to scleritis, as suggested 
by Jones (1971), why is there such a notable differ- 
ence in the respective sex ratios? The sex ratio in 
non-rheumatoid scleritis (Table IIId), together 
with the finding that one-third of these patients 
had a weakly positive rheumatoid factor (one was a 
man), gives some concern for the future of these 
patients. 

An unusual connective-tissue disorder seen in 
the present study, in a 45-year-old man with 
rheumatoid scleritis, presented with widespread 
granulomas of orbits, nasal septum, sinuses, and 
lungs, which had occurred intermittently for more 
than 1o years. The clinical picture was less severe 
than that of a true Wegener's disease, and lacked 
the glomerulonephritis typically present in this 
disease (Godman and Churg, 1954). A chronic 
dacryocystitis eventually required dacryocystec- 


tomy; histological examination showed no necro- 
tizing vasculitis but did show that finger-tip 
vasculitis, subcutaneous nodules, and skin ulcera- 
tion had occurred. This case may fall into the 
category of a limited form of Wegener's disease, as 
described by Carrington and Liebow (1966) in 16 
patients, nine of whom bad pulmonary lesions only. 
Four similar cases have been reported more recently 
(Cassan, Coles, and Harrison, 1970). Other connec- 
tive-tissue disorders found in the non-rheumatoid 
groups of patients were chronic discoid lupus 
erythematosus associated with episcleritis, and 
systemic lupus erythematosus associated with 
scleritis (one case of each). There is some doubt 
whether these two conditions are separate entities, 
although systemic manifestations are rare in the 
chronic discoid form of lupus erythematosus (Boyle 
and Buchanan, 1971). Systemic lupus erythemato- 
sus has been described previously in two cases of 
episcleritis by Harvey, Shulman, Tumulty, Conley, 
and Schoenrich (1954) and in isolated reports by 
Larson (1961) and Spaeth (1967). Associated 
scleritis has been reported in two cases (Sevel, 1965; 
Watson, 1966). No previous paper gives episcleritis 
as a complication of chronic discoid lupus erythe- 
matosus. 

In the late nineteenth and early twentieth 
century, gout was considered to be an important 
cause of ocular inflammation, but the association 
in most cases of episcleritis or scleritis is vague and 
indefinite (Duke-Elder and Leigh, 1965). During 
this century reports of episcleritis have been re- 
corded by Gilbert (1914), Savin (1938), and Mc- 
Williams (1952). In recent years only Watson and 
Lobascher (1965) reported one case with an epi- 
scleritis. Two male patients with gout were seen in 
the present study; one with non-rheumatoid epi- 
scleritis and one with a non-rheumatoid necrotizing 
scleritis. The necrotizing element developed some 
weeks after the onset of scleritis, and might have 
been iatrogenic in origin. The patient had a diffuse 
scleritis which progressed to develop widespread 
scleral translucency in the upper half of the anterior 
sclera. A subconjunctival injection in the upper and 
lower fornices was followed by an area of necrosis 
above (Fig. 3). The eye subsequently settled satis- 
factorily. Subconjunctival injections of atropine 
have been incriminated in the aetiology of scleritis 
(Tooker, 1931; Swan and Butler, 1951). Three of 
the -five cases -of-Swan-and Butler had skin sensi- 
tivity reactions to atropine. 

Erythema nodosum, a condition previously 
associated with episcleritis (McCarthy, 1961) and 
reported with scleritis (Watson and Lobascher, 
1965) was evident in two women with non-rheuma- 
toid episcleritis, and one woman with non-rheuma- 
toid scleritis. There are many common disorders 
associated with erythema nodosum, including 
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streptococcal infection, sarcoidosis, tuberculosis, 
drug reactions (for example, to sulphonamides), 
rheumatic fever, gonorrhoea, lymphogranuloma 
inguinale, and coccidioidomycosis (Fry, 1952). 
James (1961) could not give any aetiological factor 
in only 23 of 170 cases of erythema nodosum. He 
found evidence of sarcoidosis in 126 and infection, 
usually streptococcal, in 21. None of the three 
patients in this study had a raised ASO titre or any 
definite history of the conditions listed. The epi- 
scleritis in both cases was ‘simple’, but the patient 
with scleritis had a nodular lesion. An anterior 
uveitis was present in the case of nodular scleritis, 
and this has been documented previously (Allan, 
1901). Duke-Elder and Leigh stated that scleral 
keratitis was a rarity, citing Palich-Szanto (1959). 
One of the cases of episcleritis, which was bilateral, 
had associated bilateral sclerosing keratitis. 

It is uncertain why many patients with rheuma- 
toid episcleritis and rheumatoid scleritis had a 
marked increase in electrocardiographic abnor- 
malities (T'able IVa). It is possible that the changes, 
which include bundle-branch block myocardial 
infarction, and non-specific S-T wave changes, 
might have been in part, at least, due to rheumatoid 
involvement of the heart, but without necropsy 
it is impossible to differentiate between rheumatoid 
disease, induced ischaemia, and other causes of 
ischaemic heart disease (Hart, 1969). Pitkeathly, 
Howitt, and Lyne (1970) documented three cases 
of aortic incompetence in patients with scleritis, 
one of whom had a history of polyarthritis of 
uncertain origin. They presented the scleritis and 
aortic incompetence as two manifestations of 
connective-tissue disease. Both patients had right 
bundle-branch block; this conduction defect was 
found in three patients with rheumatoid scleritis. 
A further case of aortic incompetence associated 
with rheumatoid scleritis was described by Jones 
and Jayson (1973) in their follow-up study (Jayson 
and Jones, 1971). In one male patient in this study 
with diffuse rheumatoid scleritis aortic stenosis and 
incompetence were discovered post mortem. One 
with rheumatoid episcleritis had aortic stenosis and 
one with non-rheumatoid scleritis had aortic 
incompetence. None of these patients had a history 
of rheumatic fever. According to Sokoloff (1972) 
rheumatoid disease may occasionally cause a 
valvulitis with incompetence (Van Valkenburgh, 
Georges, and Irby, 1972). Pericarditis has been 
described in association with rheumatoid arthritis 
and scleritis (Smoleroff, 1943; Edstrom and 
Osterlind, 1948; Jayson and Jones, 1971). Two 
patients in the present study had clinical evidence 
of pericarditis; one had rheumatoid scleritis and 
the other non-rheumatoid episcleritis. Pericarditis 
is a recognized complication of rheumatoid disease 
(Harrold, 1968; Bacon and Gibson, 1974) and it 
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was noted by Bonfiglio and Atwater (1969) that 
patients with pericarditis more often had severe 
joint disease. Kirk and Cosh (1969) found that ro 
of ioo patients with rheumatoid arthritis had 
clinical features of pericarditis. 

A striking increase in pulmonary complications — 
such as pleurisy, pneumonitis, pleural effusion, 
and rheumatoid nodules — was apparent in patients 
with rheumatoid episcleritis and rheumatoid scleritis 
(Table IVa). Pleural effusion is a recognized entity 
in rheumatoid disease (Carr and Mayne, 1962; 
Walker and Wright, 1967). This complication occurs 
in severe rheumatoid disease as manifested by the 
presence of subcutaneous nodules (Boyle and 
Buchanan, 1971). Pulmonary nodules are thernselves 
not uncommon (Noonan, Taylor, and Engleman, 
1963). This significant finding of pulmonary disease 
in patients with rheumatoid eye inflammation as 
compared with rheumatoid controls, together with 
the possibility of greater cardiac involvement, 
emphasizes the serious nature of extra-articular 
rheumatoid disease affecting vital structures with 
the probable final seal of significance in the higher 
incidence of mortality in patients so affected. 

There is an increasing appreciation of the asso- 
ciation of ocular inflammation and joint disorders 
in patients with inflammatory bowel disease. 
Wright, Lumsden, Luntz, Sevel, and Truelove 
(1965) found that 11-8 per cent of 144 patients with 
ulcerative colitis had iritis, and 17:4 per cent 
had sacro-iltac joint abnormalities. Billson, de 
Dombal, Watkinson, and Goligher (1967) substan- 
tiated the association of eye inflammation and 
ulcerative colitis, and Jayson, Salmon, and Harrison 
(1970) found that 50 per cent of patients with 
ankylosing spondylitis and colitis had an anterior 
uveitis. Lyne and Pitkeathly (1968) reported two 
patients with ulcerative colitis associated with 
scleritis, but without any connective-tissue disorder. 
Watson (1966) described-one case of regional 
ileitis associated with episcleritis, and Hopkins, 
Horan, Burton, Clamp, de Dombal, and Goligher 
(1974) recorded two patients with episcleritis 
associated with regional ileitis. One patient in the 
present study with rheumatoid episcleritis had 
recurrent colitis, and one with rheumatoid scleritis 
had diverticulosis; both were women. The patient 
with recurrent colitis had an associated anterior 
uveitis; the patient with diverticulosis had a 
particularly severe bilateral scleritis with sclerosing 
keratitis, anterior uveitis, and secondary glaucoma 
in one eye. However, while it is reported that 
patients with ulcerative colitis and uveitis have a 
threefold increase in peripheral joint disease 
(Wright and Watkinson, 1965; McEwen, 1968) 
the arthritis is regarded in most instances as distinct 
from rheumatoid arthritis. It has been called 
arthritic ulcerative colitis (Ruhl and Sokoloff, 


1965) and colitic arthritis or acute toxic arthritis 
(Fernandez-Herlihy, 1959). Regional ileitis (Crohn’s 
disease) exhibits the same type of peripheral 
arthritis (Ferguson, 1972). This form of arthritis 
was first described by Hench (1935). It begins 
abruptly and reaches its height of intensity within 
the first day or so, involving the small joints of 
hands or feet less often than does rheumatoid 
arthritis (Wright and Watkinson, 1965). 

It has been suggested that peptic ulceration 
occurs more commonly in rheumatoid arthritis 
(Atwater, Mongan, Wieche, and Jacox, 1965; 
Bowen, Mayne, Caine, and Bartholomew, 1960; 
Meltzer, Bockman, Kanenson, and Cohen, 1958), 
but both are such common diseases that it is unwise 
to be dogmatic. Four of our patients with rheuma- 
toid scleritis had peptic ulceration and three of the 
11 known to have died since examination had 
gastrointestinal haemorrhage recorded on their 
death certificates. If the association is valid, is it 
caused by a vasculitis or is it a therapeutic conse- 
quence of, for example, salicylates? Certainly all 
three patients who died of gastrointestinal haemorr- 
hage had been receiving salicylates. Against this it 
is noteworthy that four patients with non-rheuma- 
toid episcleritis, that is without severe disease, 
also had a history of peptic ulceration. 

Skin diseases reported with episcleritis are 
eczema (Watson and Lobascher, 1965), contact 
dermatitis and acne rosacea (Watson, 1966), 
psoriasis, lichen planus, and erythema elevatum 
diutinum (Lyne and Pitkeathly, 1968); and with 
scleritis, epidermolysis bullosa dystrophica (Mazza 
and Panagis, 1967). Erythema nodosum, which 
has already been discussed, has been associated 
with both episcleritis and scleritis. Psoriasis was 
evident in two women in the study, one with 
rheumatoid scleritis and one with non-rheumatoid 
episcleritis. There were no secondary eye complica- 
tions in either of the patients with psoriasis. A 
further patient with non-rheumatoid episcleritis 
had a history of pityriasis rosea. 

Reviewing the literature of scleritis in rheuma- 
toid arthritis, Sevel (1966) found that the condition 
was more often bilateral. The ratio of 2:1 agrees 
with the findings given here (Table IIe). In his 
own series of 11 enucleated eyes, the disease was 
unilateral in eight, an inconsistency which Sevel 
was unable to explain. Extra-articular manifesta- 
tions of rheumatoid disease are significantly 
apparent in this present study and the fact that in 
moet cases rheumatoid scleritis is bilateral reflects 
the widespread nature of extra-articular involve- 
ment. Non-rheumatoid scleritis was more often 
unilateral and whether or not these patients will 
later develop autoimmune disease, it seems that 
they have a more localized disorder. Non-rheuma- 
toid episcleritis in contrast was more often bilateral 


(Table IIIf) and characteristically recurrent, with 
inflammation alternating from one eye to the other. 
It is generally recognized that the symptoms of 
episcleritis are leas distressing than those of scleritis 
{Watson and Lobascher, 1965; Jayson and Jones, 
1971). One of the objects of this presentation was 
to provide evidence that these accepted differences 
do exist. Ocular pain was more apparent in scleritis. 
The patients complained of a red eye more often 
in both rheumatoid and non-rheumatoid episcleritis 
"than did those with scleritis (Tables Va, b). A 
distinctive finding was the higher incidence of 
complaints of redness and pain in non-rheumatoid 
inflammation. Perhaps the rheumatoid patient 
suffers to such a degree elsewhere that the spon- 
taneous complaint of a red and painful eye is not 
always given. However, Jones and Jayson (1973) 
pointed out that the fewer complaints in patients 
with rheumatoid eye inflammation might be due to 
the many anti-inflammatory drugs which these 
patients were receiving, or possibly the higher 
pain threshold which has been described in rheu- 
matoid arthritis (Huskisson and Hart, 1972). In his 
early description of ‘sclerotitis’, Mackenzie (1830) 
reported that a number of patients described their 
eyes as hot and dry at the onset of an episode of 
inflammation. It was interesting to discover a few 
patients in this study who said that a dry, gritty, 
or burning eye would often precede the flare-up of 
inflammation. i 

It was surprising to find that the history of eye 
inflammation was slightly longer in the non- 
rheumatoid group of patients, both for episcleritis 
and scleritis (Table VIb). A simple explanation 
might be the problem of recollection. Many patients 
were examined early in the disease, but not all. 
With so many physical disabilities in what is gener- 
ally severe rheumatoid disease, the rheumatoid 
patient might simply have misjudged how long the 
eye trouble had lasted. Lyne and Pitkeathly (1968) 
gave a mean duration for all forms of episcleritis of 
20 months and a mean duration for all forms of 
scleritis of 60 months. The difficulty is knowing 
when an eye is truly quiet and will remain so. 
Many patients in this study had quiescent periods 
between inflammation lasting many months, and 
in one case seven years. Nevertheless, a rather 
uneasy impression given by the rheumatoid patients 
is of the disease 'burning out' after two or three 
“years. 

As expected, the deeper inflammation of scleritis 
has a more significant effect on visual acuity (Table 
VID. The study of visual acuity was confined to 
patients presenting at the Tennent Institute of 
Ophthalmology as cases of episcleritis or scleritis, 
and did not include patients .presenting with 
rheumatoid arthritis at the Centre for Rheumatic 
Diseases. Visual, acuity in these patients was 
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affected mainly by anterior segment disease, parti- 
cularly corneal inflammation and cataract. The 
review of posterior subcapsular cataract/advanced 
cataract in rheumatoid patients with scleritis who 
were receiving systemic corticosteroids also sug- 
gests, although without supporting figures, a severe 
effect on visual acuity (Table XII). Furthermore, 
the group of patients with rheumatoid scleritis who 
had a posterior segment abnormality would have 
some disturbance of vision (Table XIIIa). Fortu- 
nately, a cataract can readily be extracted and this 
should provide some reassurance to the clinician 
who considers that treatment with systemic cortico- 
steroids is imperative. The male patient who 
developed gout, and subsequently scleritis, re- 
corded a visual acuity which dropped from 6/6—2 
to 6/18—1 in four weeks, due to the development of a 
variable myopic astigmatism. This eventually 
settled coincident with quiescence of his scleritis 
as a mixed astigmatism which, on refraction, gave 
a visual acuity of 6/5, a reminder that reduction in 
vision might have had a very simple solution. 

The abundance of terms used to describe epi- 
scleritis and scleritis requires a new simplicity of 
approach, and this was provided by the classification 
of Watson, Hayreh, and Awdry (1968a, b), which 
was used in this study (Tables VIIIa, b). Clearly 
the pathological activity in scleritis and nodular 
episcleritis has the same basis (Manschot, 1961; 
Sevel, 1967), and it only remains to give a descrip- 
tion of the appearance of any inflammation. 'T'here 
has been much confusion regarding the terms 
‘scleromalacia’ and 'scleromalacia perforans' (Van 
der Hoeve, 1934). ‘Scleromalacia’ ia often used for 
a diffuse scleritis with scleral translucency, but this 
is not the eye which is the most likely to perforate, 
and 80 confusion results. According to the literature 
the eye which commonly perforates has a typically 
necrotizing sclera, and the inflammation is necrotic 
and the sclera opaque but not translucent (Fig. 3). 
Most reports of scleromalacia perforans give a 
distinct destructive picture to the scleral lesion, 
describing such features as necrosis, sloughing, or 
ulceration (Van der Hoeve, 1934; Oamst, 1937; 
Verhoeff and King, 1938; Harbater, 1949; Shaned- 
ling, 1950; François, 1951; Talkov and others, 
1951; Ashton and Hobbs, 1952; Renard, Leliévre, 
and Mazel, 1953; Ellis and Holtz, .1953; Armstrong 
and McGovern, 1955; Marquard, 1956; Boberg- 
Ans, 1958; Williams and Rosenthal, 1959; 'l'affet 
and Carter, 1961; Frangois, Victoria-Troncoso, 
Hanssens, and Bakskulin, 1969; Gombos, 1967). 
Blum and Salmoun (1963) and Merz (1964) 
reported cases. where scleral translucency with 
alarming progressive ectasia necessitated surgical 
intervention. In these cases there was no necrosis 
or ulceration. 

The, importance of these observations is the 
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appreciation that areas of scleral translucency only 
rarely give cause for concern. Rheumatoid nodule 
of the sclera was the term used by Ashton and 
Hobbs (1952) to describe the scleritis found in 
rheumatoid arthritis. It gives an accurate descrip- 
tion of the granulomatous reaction, similar to that 
found in the subcutaneous nodule of rheumatoid 
arthritis. However, a sub-division of the lesions into 
nodular, diffuse, or necrotizing scleritis provides a 
clear and simple picture of the scleral reaction with 
the premise that the inflammation is granulomatous. 
The overall descriptive term for scleritis which 
satisfies the pathological uniformity of the condition 
ig necrogranulomatous scleritis (Sevel, 1967). It is 
interesting that none of our cases of rheumatoid 
episcleritis was nodular in character, whereas in 
non-rheumatoid episcleritis nearly one-fifth of 
cases were nodular (Tables Villa, b). Two cases of 
rheumatoid inflammation initially diagnosed as 
nodular episcleritis both progressed to a scleritis. 
Only one patient in the study presented with a 
necrotizing scleritis. A 63-year-old man developed 
a non-rheumatoid gouty scleritis, but the necro- 
tizing lesion discussed earlier was probably induced 
by a subconjunctival steroid injection. Duke- 
Elder and Leigh (1965) described the possibility of 
recurrent nodular episcleritis causing the circum- 
corneal region of the sclera eventually to become 
slate-coloured. We submit that any appearance of 
this nature is due to involvement of the sclera and 
is no longer an episcleritis but a scleritis. The two 
patients diagnosed initially as having nodular 
rheumatoid episcleritis subsequently had a distinct 
slate-coloured zone at the site of inflammation, 
and were therefore cases of scleritis. 

‘Transparency of the sclera which may accompany 
scleritis is often described as scleral thinning. This 
description may create apprehension in the mind 
of the clinician, and a term such as scleral trans- 
lucency is preferable. In a recent presentation 
involving one of us (DDMM), ultrasonographic 
assessment of the thickness of areas of post-scleritic 
scleral translucency showed that these areas were 
not invariably associated with thinning. Only three 
of eight patients had distinct evidence of thinning of 
sclera (Rooney, McGavin, Sutherland, and Railton, 
1974). The presence of translucency of the sclera 
reflects the depth and extent of the scleral inflam- 
mation, which in this study was very much more 
evident in rheumatoid scleritis, indicating that 
scleritis in rheumatoid disease is generally more 
severe (Tables VIIIa, b). Posterior scleritis is more 
common in patients with rheumatoid arthritis 
which also suggests a more extensive inflammation 
in rheumatoid disease. Inflammation of the posterior 
sclera is deduced from its secondary effects on 
neighbouring tissues. Posterior inflammation re- 
sulted in choroiditia in two patients, retinal detach- 


ment in one, and extraocular muscle imbalance in 
five. In a paper on the clinical manifestations of 
scleritis, Watson (1974) found that of 217 eyes 
with episcleritis, 170 had the simple variety and 47 
had nodular episcleritis. Of -301 eyes with scleritis, 
119 had diffuse anterior scleritis, 134 had nodular 
anterior scleritis, 42 showed necrotizing scleritis, 
and six revealed features of a posterior scleritis. 
This series, easily the largest general study of 
episcleritis and scleritis, 1s particularly significant 
for its record of the clinical features of these 
conditions. 

Lyne and Pitkeathly (1968) noted that single 
attacks of episcleritis affected the interpalpebral 
area in 25 of 33 cases. This distribution of inflam- 
mation is substantiated by the present study 
(Tables IXa, b) Lyne and Pitkeathly suggested 
that minor trauma might account for this distribu- 
tion and found a foreign body in one case. Certainly 
external factors would seem to play a part, whether 
trauma or some other factor or factors. Patients 
sometimes complain of a dry, gritty, and burning 
eye and epiphora was seldom a problem. An eye 
which is inflamed primarily deep to the conjunctiva 
may slightly increase in temperature. Evaporation 
of tears may ensue more rapidly in consequence and 
so irritation due to exposure will affect the inter- 
palpebral area preferentially. However, this could 
account only for aggravation of an already inflamed. 
area. It was thought that type I allergy (atopy) 
might play a part in the external aggravation of an 
episcleritis. However, in the present study no 
increase in atopic disease could be found in 23 
patients with non-rheumatoid eye inflammation, 17 
of whom had episcleritis. Inflammation affecting 
the anterior sclera in rheumatoid arthritis affects 
the upper half of the sclera more often than the 
lower half (Jayson and Jones, 1971), and Sevel’s 
review of the literature confirms this view. Sevel 
(1965) in his iri cases examined histologically, 
found that 18:0 per cent had disease of the posterior 
segment, and his investigation of the literature with 
regard to eyes enucleated because of scleritis gave 
a figure of 12:0 per cent. These figures are not 
dissimilar to our own for rheumatoid scleritis 
(Table VIIIa). However, the distribution of 
anterior acleritis in this report, although more often 
affecting the superior aspect of the sclera, does not 
have the considerable emphasis of Sevel's cases 
(Table IXa). Jayson and Jones (1971) in their 
group of 14 patients found a distribution similar 
to that seen in our study. 

Corneal complications in scleral inflammation 
have been described for over a century (Mackenzie, 
1830). The predominant disturbance is a sclerosing 
keratitis which, according to Watson, Hayreh, and 
Awdry (1968a), occurs in nearly half of those 
patients with scleritis but seldom in those with 


episcleritis. In 11 cases which were enucleated and 
comprised the series of rheumatoid scleritis (Sevel, 
1965), 36:0 per cent had some form of keratitis. 
However, rheumatoid episcleritis and rheumatoid 
scleritis in this investigation showed a high incidence 


- of corneal complications (Table Xa), in particular 


sclerosing keratitis (Fig. 4), and it was interesting 
to find that anterior uveitis although less common 
had a similar incidence in rheumatoid episcleritis 
and rheumatoid scleritis, unexpected findings as 
regards episcleritis. The anticipated difference 
between episcleritis and scleritis was confirmed in 
regard to cataract, glaucoma, and posterior segment 
disease, but it will be recalled that only 13 eyes 
had rheumatoid episcleritis. Corneal ulceration 
occurred in two forms; limbal guttering (Fig. 5), 
which has been called marginal furrows (Brown 
and Grayson, 1968), and keratolysis. While limbal 
guttering may persist for a considerable time, and 
during the active phase of scleral inflammation 
appears to ‘creep’ around the limbus, keratolysis 
is a more dramatic ‘melting’ of the cornea which 
may result in loss of the anterior chamber with iris 
prolapse. Watson and Holt-Wilson (1974) described 
a further corneal complication of scleritis which 
they called deep keratitis, in which a deep sheet 
opacity with deep vascularization after long-stand- 
ing recurrent scleritis was evident. We have recently 
seen a young woman with non-rheumatoid scleritis, 
who is not included in this study, where this 
striking corneal complication was present. 

The main feature of interest in the patients with 
anterior uveitis was the higher incidence of posterior 
synechiae in patients with rheumatoid scleritis as 
compared with non-rheumatoid scleritis. ‘This 
would suggest a more active and tenacious form of 
uveal inflammation, which is consistent with the 
impression of severe ocular disease in rheuma- 
toid arthritis. However, the presence of anterior 
uveitis in both rheumatoid and non-rheumatoid 
inflammation was very nearly as common in epi- 
scleritis as in scleritis. Anterior uveitis occurred in 
approximately one-fifth of patients with episcleritis 
and it occurred in about one-quarter of those with 
scleritis (Tables XIa, b). Iridocyclitis has often 
been described with scleritis (Wolfe, 1882; Kiehle, 
1946; Duke-Elder and Leigh, 1965). Sevel (1965) 
in his series of 11 rheumatoid cases found histologi- 
cal evidence of cyclitis in 46:0 per cent. The figures 
given in this study are objective in that they indicate 
evidence of active or old uveitis (for example, 
posterior synechiae), and so the true figure will be 
higher. A deep scleritis will invariably be accom- 
panied by uveitis—whether iritis, cyclitis, or 
choroiditis—but a number of cases, particularly 
in the anterior segment, may settle without any 
residual evidence of inflammation. 

Posterior subcapsular cataracts have been re- 
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ported in 10°5 to 60 per cent of patients with 
rheumatoid arthritis receiving treatment with long- 
term oral corticosteroid therapy (Black, Oglesby, 
von Salimann, and Bunim, 1960; Giles, Mason, 
Duff, and McLean, 1962; Crews, 1963; Irby, 
Toone, Wittkamp, and Wiesinger, 1964; Spencer 
and Andelman, 1965; Furst, Smiley, and Ansell, 
1966). A similar study at the Centre for Rheumatic 
Diseases, Glasgow, provided an incidence of 
steroid-induced cataract of 11:5 per cent (William- 
son and others, 1969). The combination of treat- 
ment with systemic corticosteroids and the presence 
of anterior segment inflammation in the form of 
scleritis carries a high risk of the development of 
cataract; in this study, an incidence of 36:0 per 
cent (Table XIT). While it is helpful to be aware of 
this possible complication, it is reassuring that 
where systemic corticosteroid treatment is clearly 
indicated, any resulting cataract can be removed 
by surgery. 

Posterior scleritis can provoke various intraocular 
side-effects including choroiditis with exudative 
retinal detachment (Radnót, 1948; Harper, 1960; 
Hurd, Snyder, and Ziff, 1970), macular oedema 
(Watson and Lobascher, 1965), retinal striations 
(Sears, 1964) and optic disc oedema (Bertelsen, 
1960). Orbital myositis is an extraocular manifes- 
tation (Gorduren, 1962; Maria, 1956). In his 
pathological series, Sevel (1965) found choroiditis 
(64-0 per cent), choroidoretinitis (9-0 per cent) and 
retinal detachment (64:0 per cent) Rheumatoid 
scleritis provides disturbing indications of deep- 
seated inflammation, posterior segment abnor- 
mality affecting nearly one-third of the patients 
(Table XIIIa). Although macular disturbance 
could have other causes, such as drug-induced 
maculopathy, senile degeneration (Bedell, 1950; 
Favre, 1960) and vascular disease (Norn, 1961) it 
is recognized that it may occur with retinitis 
(Manschot and Von. Winning, 1953) or iridocyclitis 
(Samuels, 1930; Wolff, 1931). It is possible, there- 
fore, that the large number of rheumatoid patients 
with a macular disturbance may be attributed, 
in part at least, to the consequence of severe 
scleritis, the incidence being higher than in the 
non-rheumatoid patients with scleritis, both groups 
having a mean age in the sixth decade. The uveitis 
accompanying a scleritis is more often an anterior 
uveitis, but whether anterior or posterior it is 
from this serious complication that most of the 
consequent ocular problems arise, problems which 
affect vision — such as cataract, glaucoma, exudative 
retinal detachment, and macular disturbance. Optic 
nerve disease after scleritis has had little documen- 
tation. Bertelsen (1960) described 12 patients with 
a posterior scleritis and two of these had oedema 
of the optic nerve head. The cases of Gorduren 
(1962) and Maria (1956) of sclerotenonitis and 
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orbital myositis both had optic nerve oedema with 
associated retinal oedema. One patient in the 
present series with a rheumatoid scleritis had 
optic disc cedema. 

Watson (1966) found that seven of 108 cases with 
scleritis (6-5 per cent) had raised intraocular 
pressure, and Sevel (1965) in his study of enucleated 
eyes reported that 45:0 per cent of 43 cases had a 
history of secondary glaucoma. Watson’s cases 
settled with the good response of the scleritis to 
systemic treatment. He stated that surgery was 
avoided because of the dangers of aggravating the 
inflammation. Apart from one case of non-rheu- 
matoid episcleritis with an intraocular pressure 
fractionally above the upper limit of the normal 
range, all cases of secondary glaucoma in this study 
were in patients with scleritis (Tables XIVa, b). 
As in Watson’s series (1966), the intraocular 
pressure settled coincident with quietening of the 
scleritis in most cases. One patient required surgery 
and one patient, with a minimally raised pressure 
(22 mmHg), is still receiving medical treatment. If 
the indications for operative intervention become 
compelling, surgery should be carried out despite 
the presence of inflammation. The patient with 
rheumatoid arthritis and severe acleritis who 
required surgery underwent a drainage procedure 
without any exacerbation of inflammation. 

The deeper and more extensive inflammation of 
scleritis affects ocular movement considerably 
more often than episcleritis, and one suspects that 
the latter may affect movement only because of the 
discomfort sustained in moving the eye to the 
affected side (Tables XVa, b). There is a close 
association of scleritis, in particular posterior 
scleritis, with tenonitis, myositis, and pseudo- 
tumour formation. (Although orbital myositis has 
been called a form of pseudotumour the differen- 
tiation in terms seems more appropriate.) It is 
sometimes difficult to reach the correct diagnosis 
in these conditions. The patient presents with 
pain, limitation of ocular movement, chemosis, 
and sometimes lid oedema. The indirect conse- 
quence of inflammation provides the clue to 
diagnosis, and this appearance will often simulate 
orbital cellulitis. Bertelsen (1960) confesses to this 
mistake in six of his 12 patients with sclerotenonitis 
and orbital myositis. Both Gorduren (1962) and 
Maria (1956) began treatment with systemic 
antibiotics in their cases before reaching the true 
diagnosis. Coop (1961) in a series of 47 cases of 
orbital pseudotumour found nine which presented 
with chemosis as part of the clinical picture. In the 
woman with non-rheumatoid scleritis who pre- 
sented with strabismus there was the same confusion 
in diagnosis. A biopsy of the central strip of tendon/ 
muscle of the lateral rectus muscle confirmed the 
diagnosis. There was no untoward effect on the 


inflammation as a result of surgical intervention. 

The incidence of Sjégren’s syndrome in rheu- 
matoid arthritis has been estimated at between 
g and 34 per cent, and in the sicca syndrome there 
is a 60 to 75 per cent incidence of connective- 
tissue disease (Henkind and Gold, 1973). Talal 
(1972) considers that keratoconjunctivitis sicca 
develops in 10 to 15 per cent of patients with 
rheumatoid arthritis and cites the report of Sten- 
stam (1947). While the incidence of keratocon- 
junctivitis sicca in the present study in patients with 
rheumatoid episcleritis and rheumatoid scleritis 
falls within the accepted range for rheumatoid 
arthritis, the incidence of Sjógren's syndrome is 
considerably higher than that found by Williamson 
(1970) in patients with rheumatoid arthritis, also 
attending the Centre for Rheumatic Diseases. He 
found that between 6 and 7 per cent of patients 
with rheumatoid arthritis had Sjigren’s syndrome. 
‘The incidence given here in rheumatoid episcleritis 
(33:3 per cent) and rheumatoid scleritis (32: 4 
per cent) reflects the extent of extra-articular mani- 
festations in patients with rheumatoid episcleral 
and scleral inflammation. 


RHEUMATOLOGY 


It is not the purpose of this paper to discuss the 
rheumatological findings in any detail. However, 
some of the results of this aspect of our study lead 
us to suspect that the underlying disease of scleritis 
in these patients may be a vasculitis. 

The arthritis in patients with rheumatoid epi- 
scleritis and rheumatoid scleritis was of longer 
duration and revealed more severe erosive changes 
on x-ray examination as compared with the rheu- 
matoid controls (Table XVII). On the other hand, 
the functional capacity and the degree of joint 
tenderness were similar in the rheumatoid patients 
with and without inflammatory eye disease. Sub- 
cutaneous nodules in rheumatoid arthritis are found 
in approximately one-third of patients (Boyle and 
Buchanan, 1971). Of the patients with rheumatoid 
episcleritis and rheumatoid scleritis 50 per cent 
had subcutaneous nodules, twice the percentage 
found in the control group of patients (Table 
XVIII). Histological studies of early nodule 
formation by Sikoloff, McCluskey, and Bunim 
(1953) suggest that the nodule develops around an 
inflamed blood vessel. It is significant that biopsy of 
episcleral nodules in patients with rheumatoid 
arthritis has given a pathological picture similar to 
that of the subcutaneous nodule of rheumatoid 
arthritis (Edstrom..and Osterlind, 1948; Mundy, 
Howard, Stillman, and Bevans, 1951; Ferry, 1969), 
and examination of enucleated eyes with scleritis 
has confirmed a uniform basic pathology (Manschot, 
1961; Sevel, 1965). 


Approximately 25 per cent of patients with 
rheumatoid arthritis have vasculitis on post-mortem 
examination (Cruickshank, 1954). Rheumatoid 
vasculitis, unlike classical polyarteritis nodosa, 
spares the kidneys, and hypertension and asthma 
are rare (Ferguson and Slocumb, 1961). It is inter- 
esting that while respiratory disease and possibly 
cardiac involvement were features notable in the 
patients with rheumatoid eye inflammation, renal 
disease was not a problem. Rheumatoid vasculitis 
affects the peripheral nerves (Hart, Golding, and 
McKenzie, 1957; Ferguson and Slocumb, 1961; 
Wilkinson and 'lorrance, 1967), giving rise to a 
sensory and/or motor neuropathy (Hart and 
Golding, 1960; Schmid and others, 1961) and to 
dermal infarction (Bywaters, 1957; Golding, Hamil- 
ton, and Gill, 1965). In the group of patients with 
rheumatoid episcleritis and rheumatoid scleritis, 
8:9 per cent had a peripheral neuropathy, presum- 
ably due to vasculitis affecting the vasa nervorum, 
and 13:3 per cent had skin ulcers, both incidences 
very much higher than expected, although for 
these numbers there was no statistically significant 
increase in the incidence of peripheral neuropathy 
or skin ulcers as compared with that in rheumatoid 
controls (Table XVIII). 

Many patients with rheummatoid scleritis also 
manifested skin bruising and skin atrophy (Table 
XVIII) features almost certainly attributable to 
systemic corticosteroid treatment, which most of 
the patients were receiving (Boyle and Buchanan, 
I971). It has been suggested that systemic cortico- 
steroids produce alteration in the dermal connective 
tissue, particularly in collagen (Scarborough and 
Schuster, 1960; Greenwood, 1966). 

Patients with rheumatoid ocular inflammation 
also had a high incidence of splenomegaly (10°9 
per cent) (Table XVIII). All five patients with 
splenomegaly had anaemia and two of the patients 
had a neutropenia. The syndrome of chronic 
rheumatoid arthritis, splenomegaly, and neutro- 
penia, first described by Felty (1924), is said to 
occur in fewer than 5 per cent of patients with 
rheumatoid arthritis (Walker and Wright, 1968). 

The picture that emerges in the patient with 
rheumatoid episcleritis and rheumatoid scleritis is 
that of long-standing rheumatoid disease and 
severe erosive joint changes on x-ray examination, 
with many extra-articular manifestations of rheu- 
matoid disease, many of which reflect an underlying 
rheumatoid vasculitis. Episcleritis and scleritis in 
these patients is further evidence of widespread 
and severe disease affecting eyes, peripheral nerves, 
skin, lungs, and possibly the heart. These findings 
substantiate the reports of Jones and Jayson (1973), 
who found a significant incidence of rheumatoid 
subcutaneous nodules and other features of micro- 
vasculitis in patients with rheumatoid scleritis. 
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LABORATORY INVESTIGATIONS 


Laboratory data confirm the expected evidence of 
widespread disorder in patients with rheumatoid 
disease as .compared with patients with non- 
rheumatoid eye inflammation. À significant differ- 
ence was noted in the findings comparing rheuma- 
toid and non-rheumatoid patients as regards 
haemoglobin and albumin/globulin ratio. The ery- 
throcyte sedimentation rate was measured by two 
different methods but the readings in patients with 
rheumatoid disease were clearly far higher (T'ables 
XIXa, b). It is interesting to note that the mean 
values for haemoglobin, erythrocyte sedimentation 
rate, and albumin/globulin ratio were all more 
abnormal in the patients with rheumatoid epi- 
scleritis and rheumatoid scleritis than in the 
rheumatoid control group, although only the 
findings for the erythrocyte sedimentation rate 
were statistically significant (Table XTXc). 


The normal adult range for positive titres to 
Toxoplasma gondii is in the region of 30 to 40 per 
cent. Only the small group of patients with rheuma- 
toid episcleritis had a figure that was very much 
higher (Table XXa). Beattie (1958) found o:2 per 
cent of normal adults with a titre of 1/256 or more 
and Ludlam and Beattie (1963) reported only one 
titre at 1/512 in 478 women (0-2 per cent). In the 
patients with rheumatoid eye inflammation three of 
45 patients (8-6 per cent) had titres of 1/256 or 
more. A similar increased incidence of high titres, 
noted in this paper in patients with rheumatoid eye 
inflammation, has been recorded in primary 
biliary cirrhosis (MacSween, 1973), reticulosis or 
after immunosuppressive or antimetabolite treat- 
ment (Broughton, 1970), pregnancy (Purtilo, 
Hallgren, and Yunis, 1972) and where a choroido- 
retinitis due to toxoplasmosis rnay relapse and toxo- 
plasma antibody levels rise (Beattie, 1958). These 
are conditions associated with impaired cell- 
mediated immunity, and there is recent evidence of 
depression of cell-mediated immunity in some 
patients with rheumatoid arthritis (Waxman, 
Lockshin, Schnapp, and Doneson, 1973). 

The titre of rheumatoid factor reflects the severity 
of the disease (Ziff, 1957; Kellgren and Ball, 1959) 
and the consequent prognosis (Duthie, Brown, 
Truelove, Barager, and Lawrie, 1964). It is not 
surprising, therefore, that some patients with 
rheumatoid episcleral or scleral inflammation had 
relatively high titres (Table XXII) Higher titres 
of rheumatoid factor are also associated with many 
extra-articular manifestations of rheumatoid disease 
such as subcutaneous nodules (Kellgren and Ball, 
1959), vasculitis, peripheral neuropathy, and intrac- 
table skin ulcers (Epstein and Engleman, 1959). 
Autoantibody investigations in rheumatoid epi- | 
scleritis and rheumatoid scleritis generally show | 
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results consistent with the expected incidence in a 
general rheumatoid population (Table X XIa). In 
tests of patients with rheumatoid arthritis, Pollak 
(1964) found that 24 per cent had positive antinuclear 
results, and Weir, Holborow, and Johnson (1961) 
found that 14 per cent were similarly positive. 
Thyroid antibodies in patients with rheumatoid 
eye inflammation showed no striking increase and 
indeed did not match the incidence of 15 of 62 
cases (24:2 per cent) of rheumatoid arthritis found 
by Anderson, Goudie, Gray, and Buchanan (1961). 
The incidence of thyroid microsomal antibody in 
the present study of rheumatoid patients with 
eye inflammation 1s only slightly lower than that in 
the female group reported by Buchanan, Crooks, 
Alexander, Koutras, Wayne, and Gray (1961), 
where 26:1 per cent of 46 women had thyroid 
microsomal antibody. Johnson, Holborow, and 
Glynn (1965) found an incidence of smooth-muscle 
antibody in 6:4 per cent of 47 patients with rheuma- 
toid arthritis and Doniach, Roitt, Walker, and 
Sherlock (1966) an incidence of 16 per cent in 
32 patients with rheumatoid arthritis. The figure 
given here in rheumatoid scleritis (23:5 per cent) is 
slightly higher than in these two series, but it is 
difficult to reach any conclusion at this stage 
regarding this finding. High incidences of smooth- 
muscle antibody have been found in liver disease, 
particularly active chronic hepatitis (67 per cent), 
primary biliary cirrhosis (5o per cent), and crypto- 
genic cirrhosis (28 per cent) (Doniach and others, 
1966). Certainly liver disease has been noted in 
association with rheumatoid arthritis, but the inci- 
dence was small; 0°66 per cent of patients with 
rheumatoid arthritis alone and 1°5 per cent of 
patients with Sjógren's syndrome, in whom the 
connective-tissue disorder was rheumatoid arthritis 
(Whaley and others, 1970). Salivary duct antibody 
was found in one-quarter of patients with rheuma- 
toid arthritis, apparently uncomplicated by Sjö- 
gren’s syndrome (MacSween, Goudie, Anderson, 
Armstrong, Murray, Mason, Jasani, Boyle, Bucha- 
nan, and Williamson, 1967), and it would appear 
that the present findings are consistent with their 
observations without drawing any conclusion from 
the higher percentage of antibodies in the very 
small group with rheumatoid episcleritis. Arm- 
strong (1967) considered that there was no evidence 
that gastric parietal-cell antibodies occurred more 
commonly in rheumatoid arthritis. In his investi- 
gation of patients with rheumatoid arthritis, 16-2 
per cent of 246 females and 6:3 per cent of 79 males 
had positive results for gastric parietal-cell antibody. 
The small group of patients with rheumatoid 
episcleritis precludes any accurate conclusion and 
the group of patients with rheumatoid scleritis 
had a percentage incidence of gastric parietal-cell 
antibody of 16:2 per cent. 


The results of the autoantibody tests in patients 
with episcleritis and scleritis, but with no clinical 
or radiological evidence of rheumatoid arthritis, 
are of particular interest (Table XXI5). One-third 
of the patients with scleritis gave positive results to 
tests for rheumatoid factor, and this might be an 
early manifestation of rheumatoid disease. Alter- 
natively, it is conceivable that plasma cells in the 
scleral infiltrate could produce rheumatoid factor. 
It is known that plasma cells in the lymphoid 
tissues and in lymphoid infiltrates of synovium 
induce rheumatoid factor which then circulates in 
the blood stream (Mellors, Nowoslawski, and 
Korngold, 1961). It is possible, therefore, that the 
low titre of rheumatoid factor in the blood of those 
patients with scleritis, but no rheumatoid arthritis, 
merely reflects local scleral inflammation. However, 
only careful long-term follow-up studies will 
answer this question. The incidence of antinuclear 
factor in the serum of patients with non-rheumatoid 
acleritis could also indicate potential systemic 
disorder. Previous studies give a lower figure for 
the presence of antinuclear factor in the serum of 
patients with rheumatoid arthritis (14 per cent: 
Weir and others, 1961; 24 per cent: Pollak, 1964) 
and it is known that the prevalence and titre of anti- 
nuclear factor is highest in patients with severe 
arthritis (Hall, Bardawil, Bayles, Mednis, and 
Galins, 1960), vascular and granulomatous compli- 
cations and Felty’s syndrome (Alexander, Bremner, 
and Duthie, 1960; Ward, Johnson, and Holborow, 
1964). Thyroglobulin antibody in patients with 
non-rheumatoid episcleritis and non-rheumatoid 
scleritis shows no increase beyond figures pre- 
viously recorded for normal populations (5 per 
cent: Roitt and Doniach, 1958; 6 per cent: Owen 
and Smart, 1958; 4 per cent: Blizzard, Hamwi, 
Skillman, and Wheeler, 1959; 10 per cent: Beutner 
and Witebsky, 1962). Similarly, the incidence of 
thyroid microsomal antibodies is similar to the 
figure of 8 per cent given by Beutner and Witebsky 
(1962) for a normal population. Other autoantibody 
tests in patients with non-rheumatoid eye inflam- 
mation show little variation from general population 
studies for smooth-muscle antibody (13:5 per cent: 
MacSween, 1973) and gastric parietal-cell antibody, 
in which a general population study of hospital 
inpatients older than 50 years gave a figure of 10 
per cent with the higher figure of 13:6 per cent in 
women (Anderson, Buchanan, and Goudie, 1967). 
MacSween (1973) in his group of 114 control 
patients in a study of primary biliary cirrhosis 
found an incidence of ro per cent in women and 
5 per cent in men. 

The complement system consists of a group of 
serum proteins which amplify the effects of some 
antigen-antibody interactions (Austen, 1972). In 
rheumatoid arthritis, serum complement levels 
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have been found to be normal or slightly raised 
(Ellis and Felix-Davies, 1959) and also reduced 
(Mongan, Cass, Jacox, and Vaughan, 1969; 
Weinstein, Peters, Brown, and Bluestone, 1972). 
Six rheumatoid patients in this study show reduced 
values (Table XXIIIa) and it may be that hypo- 
complementaemia reflects active vasculitis, as has 
been shown previously in rheumatoid arthritis 
(Mongan, Cass, Jacox, and Vaughan, 1969; 
Weinstein and others, 1972). Six of the patients 
with non-rheumatoid eye inflammation also had 
serum complement levels below 100 mg/rioo ml 
(Table XXIIIb) and it is difficult to suggest causes 
of this finding. One of these patients gave a history 
of gout and essential hypertension, and another had 
erythema nodosa. However, it should be noted 
that there is some dubiety as to what is the range 
of normal for serum complement readings. The 
normal mean value in this study was taken as 
145 mg/too ml (+22 mg/roo ml) (Shanbrom, 
Khoo, and Lou, 1967). Thompson (1972) found a 
mean value of 118 mg/10oo ml (4-26 mg/100 ml) in 
66 healthy individuals. 

Immunoglobulins IgG, IgA, and IgM show 
little variation from normal figures in either rheu- 
matoid or non-rheumatoid eye inflammation. 


MORTALITY 


The mortality in rheumatoid patients with epi- 
scleral and scleral inflammation was soberingly 
high, 45:5 per cent (Table XXIV). Fifteen of 33 
known cases of rheumatoid episcleritis or rheu- 
matoid scleritis had died since examination, com- 
pared with six of 33 known rheumatoid control 
patients (18-2 per cent). A decreased life expec- 
tancy has been observed in rheumatoid arthritis 
(Reah, 1963) and the outlook and severity of the 
condition is always more grave in sero-positive 
disease (Duthie and others, 1964). Jones and Jayson 
(1973) found that five of their original 14 patients 
with rheumatoid scleritis had died within three 
years, a mortality of 36 per cent. Only 18:5 per cent 
of their 133 control patients had died during the 
same period. The figures for mortality suggest that 
the conclusion of Decker (1972) was accurate: 
‘death due solely to rheumatoid arthritis is rare 
indeed. When it occurs it is due to the extra- 
articular manifestations’. 


TYPE I ALLERGY (ATOPY) 


The simplest methods of screening patients for type 
I allergy are either to carry out a series of skin 
tests, as has been done here, or to measure the 
blood levels of IgE. A group of 23 patients, each 
patient with non-rheumatoid eye inflammation, 
failed to give any indication on skin testing of a 
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higher incidence of atopy than would have been 
expected in the general population. The incidence 
is within the range found in controls during studies 
of type I allergy (Johansson, 1967). This finding ina 
small series suggests that any external factor which 
might predispose to the interpalpebral distribution 
of inflammation found in many patients with 
episcleritis (Lyne and Pitkeathly, 1968) (Table 
IX) does not have its origin in a susceptibility to 
atopic disease. 

In a recent publication reviewing ocular mani- 
festations of rheumatic disorders, Henkind and 
Gold (1973) plead for the inclusion of examination 
by an ophthalmologist in the protocol for any 
prospective study of rheumatic disease. This study, 
which has anticipated their request by some years, 
attempts to collate the ocular manifestations of 
episcleritis and scleritis with the rheumatic dis- 
orders, in particular rheumatoid arthritis. 


Conclusions 


I. Episcleritis occurred in approximately two 
patients per 1000 with rheumatoid arthritis 
(0:17 per cent). Scleritis occurred in approxi- 
mately seven patients per 1000 with rheuma- 
toid arthritis (0°67 per cent) Rheumatoid 
arthritis is common in patients presenting 
with scleritis, in this series occurring in one- 
third of patients (33:3 per cent), but is less 
common in patients presenting with episcleri- 
tis, occurring in approximately one patient 
in 20 (577 per cent). 

2. All patients with rheumatoid episcleritis, 
rheumatoid scleritis, and non-rheumatoid 
scleritis had a mean age in the sixth decade, 
and the disease was more prevalent in women; 
whereas patients with non-rheumatoid epi- 
scleritis had a mean age in the fifth decade 
and the disease occurred equally between the 
sexes. 

3. Rheumatoid episcleritis and rheumatoid 
scleritis were associated with widespread 
systemic disease, particularly of the cardio- 
vascular and respiratory systems. 

4. The most common complaints in episcleritis 
and scleritis were of redness and pain. Ocular 
pain was more evident in scleritis. Eye symp- 
toms were more readily noted in non-rheu- 
matoid inflammation. 

s. All groups of patients had a very wide range 
in the duration of intermittent ocular inflam- 
mation, from a few days or weeks to 15 years 
or more. 

6. Visual acuity is more severely depressed in 
scleritis than in episcleritis as a result of the 
associated ocular complications. 

7. In a classification of scleritis as nodular, 
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diffuse, and necrotizing, diffuse scleritis was 
the most common form in both rheumatoid 
and non-rheumatoid scleritic inflammation. 
Posterior scleritis was more common in 
rheumatoid scleritis than in non-rheumatoid 
inflammation. Scleral translucency was found 
considerably more often in rheumatoid than 
in non-rheumatoid scleritis. 

8. Ocular inflammation in episcleritis usually 
affected the interpalpebral area. Rheumatoid 
scleritis had a fairly even distribution in all 
four quadrants of the anterior sclera. 

9. Episcleritis and scleritis associated with 
rheumatoid disease had more associated 
ocular complications than episcleritis and 
scleritis unassociated with rheumatoid disease. 

10. Posterior subcapsular cataract was common 
in rheumatoid scleritis in cases in which the 
patient had been given systemic cortico- 
steroids, occurring in 36 per cent of these 
patients. 

1r. Rheumatoid  episcleritis and rheumatoid 
scleritis generally presented in patients with 
rheumatoid disease of long duration and in 
patients with radiological evidence of more 
advanced joint disease when compared with 
rheumatoid control patients. 

I2. Subcutaneous granulomatous nodules and 
skin atrophy were significantly more common 
in patients with rheumatoid episcleritis and 
rheumatoid scleritis when compared with 
rheumatoid control patients. Although not 
statistically significant, peripheral neuropathy, 
skin ulceration, skin bruising, and spleno- 
megaly were all more apparent in patients 
with rheumatoid episcleritis and rheumatoid 
scleritis than in the rheumatoid control group. 

13. Sjügren's syndrome was more evident in 
patients with rheumatoid episcleritis and 
rheumatoid scleritis when compared with 
general rheumatoid patients also referred to 
the Centre for Rheumatic Diseases. 

14. The erythrocyte sedimentation rate was 
significantly higher in patients with rheuma- 
toid episcleritis and rheumatoid scleritis when 
compared with the rheumatoid control 
patients. 

Is. Antibodies to Toxoplasma gondii in patients 
with rheumatoid episcleritis and rheumatoid 
scleritis showed a higher percentage of 
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Of all ocular diseases few are more painful or 
serious than scleritis but, as it is a fairly rare 
disease, most ophthalmologists have relatively 
little experience in its diagnosis and management. 
For the past 1o years Moorfields Eye Hospital 
has held a weekly scleritis clinic in the hope that 
the data obtained might further the understanding 
of this disease. A review of 207 patients with 
scleritis shows that 27 per cent of those with 
necrotizing scleritis died from an associated 
systemic disease within five years of the onset of the 
ocular inflammation (Watson and Hayreh, 1976). 


Method and material 


It was therefore important to discover why eyes with 
scleritis had been removed, and, if treatment had been 
given, why it had failed. 

A ro-year retrospective study of enucleated eyes in 
which a principal histologic diagnosis of scleritis had 
been made was undertaken. Altogether 30 eyes which 
fulfilled these criteria were sent from hospitals in all 
parts of Great Britain to the Department of Pathology, 
Institute of Ophthalmology, London, from January 
1965 to January 1975. Each patient's record was sent 
to the authors for review, or a questionnaire was com- 
pleted by the surgeon who had removed the eye. The 
data giving details of treatment were incomplete in 
five cases and these have been excluded from Table IV. 

A similar review was undertaken by Sevel (1967) 
Io years ago. This present study is of the same geo- 
graphical area but it does not include any of Sevel's 
cases. 


Classification 


Clinically, several types of scleritis can be distin- 
guished: 


ANTERIOR SCLERITIS 

A diffuse, nodular, necrotizing scleritis with 
surrounding inflammation, or necrotizing without 
surrounding inflammation (scleromalacia perforans). 
*Visiting Professor, University of Arkansas School of Medicine 
(sabbatical year) 
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POSTERIOR SCLERITIS 


The diagnosis of posterior scleritis has in the past 
depended on the observation of an accompanying 
anterior scleritis, although we know that posterior 
scleritis can occur on its own. Cleary, Watson, 
McGill, and Hamilton (1975) have recently des- 
cribed the characteristic fluorescein angiographic 
changes and fundus appearances in this condition, 
and it may be that the diagnosis will now be made 
more frequently without the need to observe the 
signs of anterior scleritis. 

In this study the referring surgeons did not use 
this clinical classification and patients were classified 
as having anterior or posterior scleritis according 
to the observed pathological features (Table I). 


Diagnosis 

The clinical diagnosis of scleritis was not made in 
12 patients, 40 per cent of the total, although they 
had severe scleral disease histologically (Tables I 
and II). The diagnosis of an accompanying pos- 
terior scleritis was not made in any patient, although 
it was present in 13 (43 per cent). None of the 
patients in this series was found to have posterior 
scleritis alone (Table J). 

Scleritis is easy to overlook and the condition 
should therefore be borne in mind in eyes which 
are inflamed and refractory to treatment, present 
with exudative detachments, or have pericorneal 
ulceration. The main physical sign which allows 
the diagnosis of scleritis to be made is scleral 
swelling. The severe pain and the accompanying 
secondary glaucoma often obscure the inflamma- 
tion of the sclera which is the primary condition. 
Clinically glaucoma is rare unless the acleritis 


Table I Pathological diagnoses (30 patients) 





Necrogranulomatous scleritis Patients 
(no.) 
Anterior only 17 
Anterior and posterior 13 
Posterior only o 
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Table I Clinical diagnoses made in histologically 
confirmed scleritis (30 patients) 


Diagnoses 





Patients 
(no.) 


Anterior scleritis 1 
Scleromalacia perforans 
Malignant or absolute glaucoma 
Endophthalmitis 
Episcleritis 
Mooren's ulcer 
Lens-induced uveitis 
Extraocular extension of ciliary body 
malignant melanoma I 
Inflammatory granuloma and 
staphyloma 1 


mo ew x UC CAN 





involves the whole circumference of the globe. 

Peripheral corneal guttering, or  keratolysis 
associated with rheumatoid arthritis, can occur 
with or without scleritis and is often a further 
source of confusion. In five cases Mooren’s ulcer 
was at one time diagnosed or suspected, although 
in Mooren’s ulcer the accompanying inflammation 
is confined to the limbal area and does not extend 
into the sclera. 

When we first analysed the results we thought 
there must have been some mistake and that the 
failure to diagnose scleritis in 40 per cent of patients 
was because we did not have sufficient information. 
It is almost certain, however, that the scleritis was 
was not recognized or considered to be of im- 
portance because seven of the 1i2 cases were not 
given steroids of any kind. In only one of the seven 
was there any contraindication for the use of steroids. 


Age at enucleation 


In this series there were more women than men 
(1*6:1)—almost the same as the ratio found in the 
large scleritis clinic series (Watson and Hayreh, 1976). 
The average age of patients at the time of enuclea- 
tion was 67:8 years for women and 69:1 years for 
men (Figure). Many of these patients had had 
scleral disease for up to 30 years before losing the 
eye, which correlates with the finding that the 
average age of onset of necrotizing scleritis in 
patients seen in the scleritis clinic was 35 years. 
Sevel's seriea of 43 cases completed at the Institute 
of Ophthalmology from 1950 to 1964 had an 
average age of 63 years and a 1°75:1 ratio of women 
to men (Sevel, 1967). 

It is not known why eyes with severe disease 
were enucleated five years later in this series 
than in that of Sevel, although increased steroid 
usage might have delayed the final outcome. 
Possibly enucleation is now being undertaken at a 
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FIGURE The average age of patients at the time of 
enucleation 


much later stage in the disease than it was 1o years. 
ago. 


Reasons for enucleation 


Pain was the reason for enucleation in 82 per cent 
of the patients (Table III) In two instances a 
diagnosis was made of endophthalmitis in func- 
tionless eyes; another had a massive staphyloma 
with impending perforation, and a further patient 
had a small staphyloma resembling a malignant 
melanoma. In one case the patient died during 
surgery for repair of an ocular perforation and the 
eye was removed at necropsy; the eyes of patients 
who had Wegener’s granulomatosis and periarteritis. 
nodosa were also obtained at necropsy. 

In a series of 207 patients with scleritis seen at 
Moorfields Eye Hospital during the same period, 
only three (1'5 per cent) came to enucleation, 
so it is rare indeed to enucleate an eye with scleritis. 
(Watson and Hayreh, 1976). Pain should not be a. 
major problem since with adequate systemic or: 
topical steroids it can be relieved. Possibly some 
eyes could have been salvaged if the patients. 
themselves had returned for follow-up, or had 


Table III Reason for enucleation (30 patients) 





Reason for enucleation Patients 
(no.) 

Pain with loss of vision 23 
Endophthalmitis 2 
Large staphyloma I 
Malignant melanoma I 
Necropsy 

Died during ocular surgery for 

repair of perforation I 
Wegener’s granulomatosis I 
Periarteritis nodosa I 


(Perforation of the eye was not given as a reason for 
enucleation) 





been able to tolerate adequate steroid treatment. 
It is well known that patients with severe chronic 
disease do not readily take their medication or 
attend for follow-up (Maddock, 1967); scleromalacia 
perforans occurs without inflammation and the 
patient does not attend until it is too late. 


Perforation 


In 11 of 30 cases (37 per cent) the eyes perforated 
before they were enucleated. 

Sevel (1967) pointed out that the clinical diagnosis 
of perforation cannot always be confirmed histo- 
logically, since a thin residual layer of sclera may 
become transparent by dehydration, thus simulating 
perforation. An incidence of histologically con- 
firmed perforation in this series of rir, or 37 per 
cent, 1s comparable to his series. Yet, on the 
pathology request slip or in the clinical record 
only once was a massive perforation with a staphy- 
loma given as the reason for enucleation. In our 
experience staphylomas rarely perforate, except 
in cases with raised intraocular pressure with or 
without trauma, and if they should they can be 
managed surgically. 


Effect of treatment 


This study was partly initiated to see if sub- 
conjunctival steroid injections predisposed to 
scleral perforation. In the six patients who did not 
receive any steroids, none perforated, while 11 
of 19 (mine of 14 topical and/or systemic, two of 
five subconjunctival) who were on some form of 
steroid treatment did perforate (Table IV). These 
data are, however, insufficient to differentiate which 
form of steroid delivery was more often associated 
with scleral perforation. Investigators have sug- 
gested that subconjunctival atropine (Tooker, 
1931; Swan, 1951) or steroids (Sevel and Abram- 
son, 1972; Watson, 1974) may cause a necro- 
granulomatous scleritis. Although the evidence is 
circumstantial, Sevel found the incidence of corneal 
perforation to be the same in those cases in which 
eyes had been enucleated before the general intro- 
duction of steroids, as afterwards. There has been 


Table IV Method of steroid delivery and 
incidence of ocular perforation (25 patients) 











Ocular 
Steroids Cases perforation Per- 
(no.)  (mo.) centage 
None 6 o o 
Topical or systemic 14. 9 57 
Subconjunctival injection 5 a 40 
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a proper reluctance to give adequate suppressive 
dosages of steroids in the past, so that the disease 
has been allowed to progress. The dangers of 
allowing the disease to progress have to be weighed 
against the difficulties of long-term steroid treat- 
ment. Apart from the well known complications of 
cushingoid changes, hypertension, glaucoma, and 
cataract formation, steroids in fluctuating doses, 
have produced vasculitis in patients with rheuma- 
toid arthritis (Hazleman, personal communication) 
and inhibited collagen formation in healing wounds 
(Ashton and Cook, 1951); they have also been 
shown to produce corneal perforation in non-in- 
fectious corneal disease (Brown, Weller, and 
Vidric, 1970). However, these drugs have suppres- 
sed the initiating stimulus and reversed the collagen 
destruction in scleritis associated with connective 
tissue disease (Ashton and Hobbs, 1952). Because 
of this, steroids have become standard treatment 
in the severest cases of scleritis and need to be 
used at near maximum dosages to control exacer- 
bations. Once the disease is controlled, the dosage 
can be gradually reduced to a low maintenance 
level. This regimen may need to be repeated many 
times over a 30 to 50-year span in many unfortunate 
patients. 


Other changes found in the enucleated eyes 


Eyes enucleated for scleritis showed a high incidence 
of other ocular disease (Table II). Uveitis, primarily 
anterior, was the most common complication and 
occurred in 68 per cent of cases. Glaucoma, which 
occurred in 46 per cent, was often severe and 
frequently associated with peripheral anterior 
synechiae. Three of these patients also had a 
retinal vein or artery occlusion. Retinal disease was 
found in 46 per cent and included non-rhegmato- 
genous retinal detachments (2x per cent), chorio- 
retinitis, macular oedema, and macular degenera- 
tion. Six patients had intravitreal or suprachoroidal 
haemorrhages. Rubeosis, corneal ulcers, and des 
cemetoceles were seen in each of three patients. 
This high complication rate of scleritis was 
not unexpected, although uveitis and glaucoma 
were seen more frequently in this series than in 
the scleritis clinic (Watson and Hayreh, 1976). In 
this series 68 per cent had uveitis as opposed to 
37 per cent in the clinic, and 46 per cent of the 
enucleated eyes showed glaucoma as opposed to 28 
per cent in the clinic. This suggested that scleritis 
with uveitis and glaucoma was an ominous sign. 
The fact that 21 per cent of cases had intraocular 
haemorrhage and three eyes had vascular occlusion 
associated with scleritis was unexpected, since these 
complications are rarely seen clinically and might 
possibly have been related to the glaucoma. How 
many of the haemorrhages occurred during enu- 
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cleation is not known. The incidence of retinal 
detachment and cataract was leas than that found by 


Sevel (1967). 


Summary 


A series of 30 enucleated eyes, all of which had a 
primary histological diagnosis of scleritis, was 
analysed. The average age of patients at enucleation 
was 68 years; many of these patients had had the 
disease for more than 30 years. In 40 per cent the 
' diagnosis of scleritis was unsuspected and was 
often masked by multiple complications. Scleritis 
with uveitis and glaucoma was the most common 
combination to come to enucleation. In 82 per 
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World Health Day 
7 April 1976 


FRANK W. LAW 
London 


The International Association for the Prevention of 
Blindness was an organization of long standing 
well known to all ophthalmologists. It issued a 
journal, its executive body met annually, and a 
General Assembly was held every four years at 
the time of the International Congress. Some 
had adverse views on its constitution; some were 
critical of its activities—or lack of them. In 1968, 
the President, Professor Franceschetti, died and, 
after a short period when the Association was under 
the Presidency of A. E. Maumenee, Gunnar von 
Bahr was elected President. He at once reorganized 
the Association, and the constitution and by-laws 
were completely revised. In Paris in May 1974, the 
General Assembly met, and fundamental changes 
were decided upon; these were necessary to 
embrace a more comprehensive range of powers, 
and institute legal machinery to hold and administer 
substantial funds of a multidisciplinary membership 
within which the main authority should rest with 
national delegations. Sir John Wilson, Director 
of the Royal Commonwealth Society for the Blind, 
was elected President, and Gunnar von Bahr 
Vice-President, his election ensuring liaison with 
the International Council. W. J. Holmes (USA) 
and W. S. Hunter (Canada) retained their offices 
of Secretary-General and Treasurer respectively. 
The organization was renamed the International 
Agency for the Prevention of Blindness, a happy 
change which, although retaining the old initials, 
indicated the difference between the old and the 
new organization. 

The first meeting of the Executive Board was 
held in Puerto Rico in April 1975. Perhaps its 
most important action was the decision to establish 
national committees throughout the world; this 
has already been achieved in 42 countries, including 
our own. The Agency works in official relationship 
with the World Health Organization, UNICEF, 
and FAO and has contact with all related UN 
mechanisms. Under its new constitution, which 
came into force on 1 January 1975, the Agency 
represents a partnership between the organizations 
concerned internationally with ophthalmology and 
with the rehabilitation of the blind. This colla- 
boration is reproduced at the national level with 


additional links with other scientific disciplines 
and community service organizations. 

At the 28th World Health Assembly held in 
Geneva in May 1975, an important resolution was 
adopted, urging all governments to intensify action. 
for the prevention of blindness and, on World Health 
Day (7 April 1976), to celebrate internationally the 
theme 'Foresight Prevents Blindness'. One of the 
chief objects of this communication was to draw 
attention to this important date. 

The Priorities and Projects Committee of the 
Agency met in Washington in November 1:975, 
and this country was represented by Michael 
Roper-Hall, chairman of the group on ocular trauma. 
'The British National Committee for the Prevention 
of Blindness is this country's link with the Agency 
and consists of representatives of the organizations 
concerned nationally with blindness and its preven- 
tion and of the responsible government depart- 
ments. Two subcommittees are charged with a 
national campaign of fund raising (probably to be 
concentrated annually into a prevention of blind- 
ness week) and with the formulation of priorities 
for national and international action. 

There is no need to list for ophthalmologists the 
principal causes of blindness and their distribution 
and incidence, nor to recite the formidable statistics 
of world blindness. One may be allowed, however, 
to submit the above record, and to ask all to keep 
informed of developments, and to lend support 
to the campaign, especial in relation to World 
Health Day. 

À report on mobilization of resources submitted 
to the Executive Board at Puerto Rico ended thus: 
‘Our objective is this: In every donor country 
during 1976 that every family should be asked— 
in thanksgiving for sight—to give $10 to save the 
sight of its fellow countrymen or of the millions 
in the third world. If we can raise this campaign to 
that degree of universal appeal, the result could be 
spectacular'. 

Information about the Agency and about the 
British National Committee can be obtained 
from the International Agency for the Prevention 
of Blindness, Commonwealth House, Haywards 
Heath, Sussex RH16 3AZ, England. 
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Book reviews 


Advances in Ophthalmology, vol 31, Treat- 
ment of Retinoblastomata. Edited by E. B. 
StreirF, M. Sautrrer, and M. J. RorrER-Harr. 
1975. Pp. 240, 93 figs, 17 tables, refs. Karger, 
Basel (DM 132) 


This volume is the latest in a continuing series on 
contemporary ophthalmic subjects. Four chapters are 
concerned with retinoblastoma, the morphology of the 
corneal endothelium, the non-visual control of ocular 
movements, and the reaction of the retina to intensive 
light. 

The discussion on retinoblastoma by Bedford reviews 
current ideas on the natural history and management of 
these tumours, and the author concludes with a sum- 
mary of his recommended therapeutic regime for 
different types of presentation. 

The remaining three articles are in German, one 
sadly without an English summary. Schierhólter and 
Honegger present some of their work on corneal endo- 
thelium under physiological conditions and after 
mechanical damage, and the morphological changes 
occurring in regenerating endothelial cells are des- 
cribed in detail with excellent illustrations. The physio- 
logy of the non-visual control of eye movements is 
discussed by Korner with a presentation of experi- 
mental data on saccadic movements in human subjects 
and optokinetic responses in animals. Finally, Wallow 
and his co-workers describe the effects of intense 
light from argon and helium lasers and the xenon arc 
photocoagulator on the retinae of experimental animals. 
"The ophthalmoscopic and histological threshold doses 
are correlated, and an attempt is made to relate tissue 
damage to loss of function. Using this information 
certain safety thresholds are suggested for man for 
intense light in the visible spectrum. 

The four articles are fully representative of the high 
standards set by the editors in this series of volumes. 
But once again this policy of multilingual presentations 
that characterizes Advances in Ophthalmology must be 
criticized. The average English ophthalmologist does 
not have a working knowledge of technical German 
and therefore only one of the four articles in this volume 
will be informative, and at a cost of over £20 that is a 
high price to pay even in these inflationary times. 

T. J. FFYTCHE 


Color in Business, Science and Industry, 
3rd ed. By D. B. Jupp and G. WYSZECKI. 1975. 
Pp. 553, figs, tables, refs. Wiley, Chichester (£15) 


When the late Deane Judd first published this book 23 
years ago it was something of a landmark. Dr G. 
Wyszecki became his partner for the second edition, 
and has now had to shepherd the third through the 
press on his own, and is looking to the need for a 
fourth ‘in about 10 years’ time’. 

The material has been brought up to date in a com- 
petent and relaxed manner, the latter being particularly 


commendable in a topic frequently as dry as colori- 
metry. There are many new and helpful illustrations, 
but some of the older ones were old even in the first 
edition, and Chapter 1 could do with a new look. This 
edition more than the earlier ones, attempts to come to 
grips with fundamentals and offers much useful infor- 
mation on relatively new fields, such as colour television. 
The reader will find that the approach is very much 
that of a physicist; for instance it overlooks that if an 
older person is exposed to Standard Illuminant C the 
visual effect may be the same as that of Standard 
Illuminant B on a younger person: the conclusion that 
extraocular standards are of limited value remains to 
be drawn. Apart from such small details the new edition 
enhances the authority of the earlier ones as a standard 
work in this abstruse field, and can be recommended 
without reservation both as a text and as a source 
book. R. A. WEALE 


Diabetic Microangiopathy: Its Development 
Based on New Knowledge on Capillary Tissue 
Oxygen Delivery and its Possible Prophy- 
laxis. Edited by J. DrrzsL and J. E. POULSEN. 
1975. Pp. 83, figs, tables, refs. (Supplement to 
Acta med. scand.) (f,j4: 50) 


This book is a collection of papers given at a symposium 
in Aalborg, Denmark, commemorating the 1ooth 
anniversary of the birth of August Krogh. Krogh, the 
1920 Nobel prizewinner in medicine and physiology 
for his work on the physiology of capillaries, became 
acquainted with Best's and Banting's researches on 
insulin during his visit to Toronto in 1922, and on his 
return to Denmark, he pioneered the development and 
production of the hormone. 

Of the eight papers contained in the book the last 
three, by Jorn Ditzel and Eberhard Standl on problems 
of tissue oxygenation in diabetes, live up to the out- 
standing tradition of their compatriot. They lead the 
reader through the intricate cytological and enzymatic 
complexities of diabetic microangiopathy with un- 
swerving lucidity. The problems of blood flow volume, 
viscosity, erythrocyte oxygen binding capacity, haemo- 
globin variations, and changes in glycolytic processes 
in the retina which depend on the phosphate levels in 
the blood, are just a few problems considered and 
beautifully explained. Ditzel's 'three in one' hypothesis 
on the mechanisms of diabetic retinopathy revolves 
round the role of phosphorus ions in production of 2-3 
diphospho glycerate by the erythrocyte which in turn 
regulates the affiliation of oxygen to haemoglobin. The 
increase of 2-3 diphospho glycerate enhances the oxygen 
availability to the hypoxic diabetic retina. If giving 
phosphate dietary supplement to young diabetics will 
prevent or influence development of retinopathy has 
yet to be proved, the exposition in bringing forward a 
fascinating array of information marshalled in such a 
way that is bound to stimulate ophthalmologists con- 


cerned with diabetic retinopathy will confront these 
concepts with their own ideas heavily influenced by 
information from fluorescein angiography. While the 
authors discuss the delicate’ minutiae of capillary- 
tissue oxygen delivery systerns, in a strange way the 
crudities of photocoagulation therapy, inflicted on the 
diabetic retina by the clinician, may seem less embar- 
rassing and more logical. 

The other five papers are on the impact of August 
Krogh on the insulin treatment of diabetes and our 
present status (Poulsen), autoregulation of the micro- 
circulation (Crone), blood oxygen transport system 
(Garby), the ophthalmoscopic and fluorescein angio- 
graphic picture of diabetic retinopathy (Larsen), and 
dynamic changes in the microcirculation of diabetics 
as related to diabetic microangiopathy (Kohner). 

They are competent and informative reviews and the 
book as a whole is very much worth reading. 

R. RUBINSTEIN 


XIth ISCERG Symposium, Bad Nauheim 
1973 (Documenta Ophthalmologica Proceed- 
ings Series, vol. 4). Edited by E. Dopr and 
J. T. PEARLMAN. 1974. Pp. 518, 293 figs, tables, 
refs. Junk, The Hague (DG150) 


‘This collection of papers from the annual symposium 
reflects the continuing development of visual electro- 
physiology. Founded to provide a forum for research 
"workers and clinicians interested in electro-retinography 
it has assimilated newer techniques of retinal and 
cerebral studies. The increasing importance of the 
visually-evoked response is reflected in the number of 
papers. 

The standard of the contributions is variable. This is 
because in order to attend the symposium tbe delegate 
has to present a paper and it has been the society's policy 
to publish all such contributions. The official language is 
English and many of the translated papers are less than 
fluent. 

The result is a useful review of this rapidly developing 
field. The book will be of value to both clinicians and 
research workers involved in visual electrophysiology 
but it will be of little interest to most ophthalmologists. 

J. H. KELSEY 


The Eye in General Practice, 7th ed. By C. R. 
S. JACKSON, 1975. Pp. 174, 47 figs. Churchill 
Livingstone, Edinburgh and London (45:00) 


‘That this book should now have reached its seventh 
edition shows how useful it is for practitioners. It is also 
an excellent book for the medical student, being of 
convenient size, beautifully produced and illustrated, 
clearly written, and it has a well chosen and balanced 
content. 

As is always the case with revision some new material 
has been added and other chapters have been modified 
while a few nostalgic hints of its past still linger—such 
as, the advice to the general practitioner to paint the 
conjunctiva with 1 per cent silver nitrate in cases of con- 
junctivitis which have lasted several days, and if an eye 
is red and irritable from a foreign body to instil atropine, 
advice which the author clearly does not like giving, as 
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having given it he promptly says ‘it should be avoided 
if possible’. : 

There are one or two minor points on which a future 
edition might perhaps with advantage be slightly 
altered, such as the advice to the general practitioner 
to pass a fine probe into the lacrimal passages in cases of 
injury near the inner canthus: this seems rather much 
for the average general practitioner to take on. Another 
ig the slightly irritating repetition, at the foot of the 
first page of every chapter in part one, of reference to 
the fact that a drawing of the whole eye is given in 
Fig. 1. A third point the author might consider looking 
at for future editions is the rather stereotyped and 
surely obsolete implication that macular degeneration 
is due to arteriosclerosis. 

I very much liked the optical diagrams, and admired 
the poetic licence in the illustration of diplopia. Alto- 
gether I found this book very good value and highly 
recommend it. REDMOND SMITH 


First International Symposium on Artificial 
Lens Implantation (Documenta Ophthalmolo- 
gica Proceedings Series, vol. 6). Edited by A. 
T. M. VAN BALEN. 1975. Pp. 169, figs, tables, refs. 
Junk, The Hague (DG55) 


This symposium was held at Utrecht in April 1974, 
but of course there has been an active 'intraocular 
implant club’ in existence for more than 10 years. 

The papers cover nearly all aspects of iris-clip lenses, 
and I would particularly recommend interested readers 
to start with the 'Discussion' where they will find some 
abrasive and helpful argument on such problems as the 
cause of macular oedema, the indications of iris-clip im- 
plant in children, and the management of complications. 

Those of us who are familiar with this technique of 
cataract surgery know how valuable it is to the patient, 
and the number of surgical centres up and down the 
country, and indeed throughout the world, which are 
producing good results, increases every year. 

Undoubtedly, the results in senile cataracts are the 
best, and there are few contraindications to the use of 
iris-clip lens. 'The results in children with congenital 
cataract, however, are disappointing. Binkhorst, who 
has had 20 years' experience in this field, confines his 
operation to those who have bilateral incomplete forms 
of cataract, and then to the worse eye only. Good visual 
results are obtained in traumatic cases over the age of 
five years, and in this group the implant appears to be 
superior to a contact lens. 

An interesting trend back to an extracapsular tech- 
nique is discussed, and Binkhorst recommends a one- 
stage operation with a capsular supported lens. It is 
suggested that this gives a better immobilization of the 
implant and reduces the incidence of macular oedema 
to below that of all forms of intracapsular extractions. 
Statistical proof of this is not yet available. 'l'hose in a 
position to use phako-emulsification on their patients 
also claim that an irido-capsular implant has a very low 
rate of complications. 

A useful book, then, for anyone who wants to find 
out about lens implant surgery, and a ‘must’ for the 
converted. N. DALLAS 
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Ophthalmic Pathology of Animals: An atlas 
and reference book. By L. Z. SAUNDERS and 
L. F. RUBIN. 1975. Pp. 258, 27 figs, 30 plates, refs. 
Karger, Basel (DM155) 


The writing of this book has clearly been a labour of 
love, the result being an exquisitely produced conspectus 
of what is known about the pathology of eye diseases in 
lower animals. The text is brief but to the point, with a 
stimulating introduction to the historical tradition in 
which veterinary ophthalmology stands, and it is accom- 
panied by a superb selection of photomicrographs on 
high grade glossy paper. As the authors explain in their 
preface, the text is basically descriptive, with no serious 
attempt to discuss pathogenesis, although mention of 
each disease entity is followed by appropriate references 
to which the reader can refer for further information. 
This eminently readable book can be recommended to 
anyone seeking an authoritative and reasonably compre- 
hensive account of the histopathological findings in 
veterinary ophthalmology. The only reason it might 
fail to achieve the authors’ ambition of arousing wider 
interest in this fascinating branch of comparative 
ophthalmology, is that its high cost is likely to deter 
all but established devotees from adding it to their 
libraries—and that would be a pity. A. GARNER 


Recent Advances in Ophthalmology, vol. s. 
Edited by P. D. TREVOR-ROPER. 1975. Pp. 319, 
figs, tables, refs. Churchill Livingstone, Edinburgh 
(49:50) 

This is essentially a review of recent contributions to 
our knowledge and the editor has chosen 12 disciples 
to expound their particular interest. Each chapter is a 
complete story in itself, well told, illustrated with 
discretion, with a useful bibliography. The standard 
of presentation is well sustained and it is impossible to 
provide the reader with an overall view of expectation 
without enumerating the subjects discussed and their 
authorship. They are as follows: Electrophysiology of 
the eye (N. R. Galloway), Ocular motility (Ian Strachan), 
Corneal grafting (T. A. Casey), Cataract extraction 
(Dermot Pierse), Glaucoma (A. R. Elkington), The 
macula (T. J. ffytche), Surgery of retinal detachment 
(M. G. Glasspool), The eye in thyroid disease (A. L. 
Crombie), Inherited metabolic disorders and their 
ophthalmic manifestations (Brian Harcourt), Connec- 
tive-tissue disorders and the eye (P. G. Watson), 


Obituary 
Kathleen Long, FRCS, DOMS 


Miss Kathleen Long, consultant ophthalmic surgeon to 
Northampton and Kettering hospital group, died on 
5 February 1976. She was 58. She graduated MB, BS 
from Durham University in 1940 and after a period in 
general practice became Fellow of the Royal College of 
Surgeons, Edinburgh in 1945. During the next five 
years her interest in ophthalmology developed and in 
1958 she was appointed to the Northampton and 


Adverse drug reactions (Sidney I. Davidson), Contact 
lens (H. Jonathan Kersley). 

This is an ideal size of medical text for the ophthal- 
mologist in harness who wishes to keep up with modern 
thought. It is a book to be enjoyed and kept handy for 
reference. Some of its chapters are so well written as 
to make a second reading an added pleasure. For those 
who have not made a purchase there is a treat in store. 
In many ways they are to be envied. 8. J. H. MILLER 


System of Ophthalmology, vol XIII, The 
Ocular Adnexa, Part I, Diseases of the Eyelids, 
Part II, Lacrimal, Orbital, and Para-orbital 
Disease. Edited by S. DUKE-ELDER. 1974. Pp. 
1236, 1300 figs, refs. Kimpton, London (£25) 


Part I comprises 592 pages on the ocular adnexa and is 
mainly concerned with diseases of the eyelids. Grouped 
into circulatory and secretory disorders, inflammations, 
dermatoses, systemic involvements, atrophies and 
hypertrophies, cysts and tumours, the field is well 
covered and profusely illustrated. The overriding 
impression on reading through its pages is the extraor- 
dinary ramification of the science of ophthalmology. 
A. large section of this volume as might be expected. 
is concerned with dermatology, but a glance at a chapter 
on the lids in systernic disease will persuade even the 
most surgically orientated that the medical aspects of 
ophthalmology form a subject of wide complexity and 
variety of interest. 

Part II is on diseases of the lacrimal apparatus and 
of the orbit and para-orbit, a text of some 600 pages 
illustrated richly and accompanied by an astonishing 
bibliography. Sir Stewart and Peter Macfaul are to be 
congratulated on gathering together in two volumes, 
such an ordered compendium of syndromes as they 
affect the ocular adnexa. They invade the province 
of the nasal surgeon, of the neuro-surgeon, of the 
bacteriologist and parasitologist and if this were not 
enough, orbital involvement by general disease takes 
the reader into the camp of the endocrinologist and 
requires an understanding of the lipoidoses, necrotising 
angiitides and the osteopathies. 

No library can afford to be without these two volumes. 
At £25.00 a time they are an excellent buy and an 
unfailing source of reference for the ophthalmologist 
in practice, $. J. H. MILLER 


Kettering group of hospitals, 

Miss Long kept herself up to date and was a frequent 
attender of ophthalmic conferences both here and 
overseas. In 1964 she suffered a ski-ing accident which 
led to an arthrodesis of her knee. Despite her handicap 
she carried on in a remarkably cheerful way until her 
sudden death in February. 
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OPERATIVE SURGERY has a place unique in medical literature. 
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surgery. 
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the solution for 
glaucoma therapy 








SOPTO EPINAL 


CLEAR- COMFORTABLE ADRENALINE 


Two strengths for 
flexible therapy. 


In two strengths, with 0.5% or 1% 
adrenaline, Isopto Epinal's? flexible dosage Is 
an advantage particularly in the treatment of 
problem patients suffering from open-angle 
glaucoma. 

And patients will find application easy on 
the eye with the aid of the specially designed 
dropper. 


Clear cut. Effective. 


The adrenaline drops you choose could 
bring tears to your patients’ eyes. But comfort 
them with a more gentle solution and you'll 
find stability diminished, the benefits short 
lived. 

Now it is unnecessary to sacrifice 
comfort for performance in the treatment of 
open-angle glaucoma. 

With Isopto Epinal? the answer is 
clear. Developed and distributed by Alcon 
Laboratories aname synonymous with 


confidence and quality, Isopto Epinal? 
combines effectiveness, comfort and 
stability in one clear solution. 


Here to stay. 


Isopto Epinal’s® increased stability 


means that, when used as directed, therapy 
can be completed without waste, without 
discolouration. The special antioxidant 
system protects against oxidative 
discolouration, eliminating many of the 
problems of adrenaline breakdown and 
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giving maximum 
patient acceptance | 
with minimum 
irritation. 


Discolouration is the sign of 
adrenaline oxidation. 
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Particularly comfortable for problem patients. 


The lsopto® vehicle — a hydroxypropyl methylcellulose solution — provides an ideal 
soothing and emollient action with a comfortable ph matching that of the eye. 


And, by remaining in contact with eye tissue longer than aqueous vehicles, Isopto 
Epinal*offers a more potent adrenaline. 


EPINAL” - ONE OF A COMPLETE RANGE OF 
GLAUCOMA PREPARATIONS 


Research and experience puts Alcon out in front in glaucoma therapy. Along with Isopto 
Epinal® Alcon make and market these specialist products:— Isopto Carpine 0.5%, 1%, 2%, 
3%, 4% 6%, Isopto Carbachol 3%, Oratrol tablets Dichlorphenamide 50 mg (bottles of 100), 
Lyophrin® adrenaline bitartrate 2% (equivalent to 1% base activity). 
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SSOPTO EPINAL ..... 
World leaders in ophthalmic therapy 


OPHTHALMIC DIVISION, ALCON LABORATORIES (U.K.) UTD., 


Thorp Arch Trading Estate, Boston Spa, Wetherby, West Yorkshire. Tel: Boston Spa 844007. 
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EPPY 


the right move in glaucoma 
Why? 


Because EPPY attacks the problem 
from two sides. 


Firstly, it decreases the production 

of aqueous. — 

Secondly, EPPY, after a latent period will, 
in most cases, produce a permanent lowering 
of the resistance to aqueous outflow. 

This is in contrast to miotics such as 
pilocarpine which only improve outflow 
temporarily after each instillation. 

Also, unlike miotics, EPPY does noz cause 
pin-point pupil- patients can lead a 
virtually normal life. 


Further information from: 
Smith & Nephew Pharmaceuticals Ltd. 
Bessemer Road, Welwyn Garden City, 


130501/0775/BJ0 Hertfordshire. 
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Linwood Strong 
Dispensing Opticians 


urrey 


20 High Street, Sutton. 01-642 2798 
45 Upper High Street, Epsom. 22300 


ussex 


Chapel Road, Worthing. 5193 
57b London Road, Brighton. 682925 
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Seeing is Believing. 


Cataract Surgery 
Chromic gut in left eye, 4 weeks DEXON in right eye, 4 weeks 
postoperative. Sutures still unab- postoperative. Sutures being ab- 
sorbed, obvious irritation. sorbed uneventfully. 


Eye Muscle Surgery 
Chromic gut, 10 days postopera- DEXON, 10 days postoperative 
tive (correction of exotropia). (second operation). No reaction, 
Marked reaction. eyes clear. Problem corrected. 


reen) 
DEXON”“sutures 


Clearly, a better way in 
ophthalmic surgery. 
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We shall be pleased to send, on request, an 


illustrated pamplilet of micro surgical instruments. 


DINEY INSTRUMENTS LTD. 
i9 WIGMORE STREET LONDON, WIA 4DU 
Telephone 01-580 1713 

















Melson Wingate Ltd 


31 ABBOTT ROAD, BOURNEMOUTH (0202) 512311 AND 40 BRANCHES 


VOCATIONAL LENSES 


This comprehensive range of Multifocals, Tints, and special Lenses is 
available for demonstration to patients in all our branches. 
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In the management of the dry eye 
and idiopathic ocular discomfort... 


The clinician can prescribe conventional wet- 
ting agents or Adsorbotear™, a tear substi- 
tute containing an effective ocular wetting 
agent. Only Adsorbotear, because of itsunique 
ophthalmic vehicle — Adsorbobase"V* — can 
meet the following criteria: 


e Lower the surface tension of water 
and the tension at the water-lipid 
interface. 

e Adsorb on the hydrophobic corneal 
epithelium converting it into a hydro- 
philic surface. 


e Facilitate optimal corneal wetting and 
uniform tear dispersion. 


e Provide prolonged duration of relief 
—up to 4 hours or longer-in the treat- 
ment of dry eyes due to mucus or 
aqueous tear deficiencies. 
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Description: Adsorbotear solution is a sterile, 
tear-like ocular lubricant (and wetting agent) 
consisting of Adsorbobase 
(polyvinylpyrrolidone 1.67% with BP water- 
soluble polymers) and 0 44% 
hydroxyethylcellulose, as a viscosity agent, 

in a buffered isotonic solution. Preserved with 
Thimerosal (Liliy) .002%, and EDTA .05%. 


Indications: Temporary relief for dry 
conditions of the eyes—and related ocular 
problems, Adsorbotear has proved particularly 
useful in the treatment of dry eye conditions 
when there is a deficiency in conjunctival 
mucus or natural tear production. 


Administration: One or two drops of 


Adsorbotear to the eye(s) three times a day 
or as needed. 


Supplied: In 15cc. sterile dropper vials. 


vues ADSORBOTEAR™ 
TEAR SUBSTITUTE 


BURTON, PARSONS CHEMICALS (UK) LTD. 


Lower Street Cavendish, VV. Suffolk 
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DETECT AND LOCATE SMALL MAGNETIC PARTICLES 


Bronson-Turner 


FOREIGN 
BODY 
LOCATOR 


Wi Easy to use 


I Stable-rarely 
requires tuning 








W Stays in tune 
when probe 
is moved 


B Battery powered- 
uses six flashlight 
"D" cells 


Includes 


SMALL PROBE for detecting and locat- 
ing foreign bodies within 1 cm of surface 
both preoperatively and during surgery 


Simple adjustment of two control knobs tunes the instrument, usually needed only 
when probes are changed or temperature varies. A third knob adjusts the 500 hertz 
tone generated when a magnetic particle is detected. The meter is used to check the 
battery and assist in tuning. Formica case measures only 12"x8"x6" 


Ref., Transactions American Academy of Ophthalmology and Otolaryng- 
ology, July-August 1970, Page 830 
E-6699 m $2260 


STORZ INSTRUMENT COMPANY 


3365 Tree Court Industrial Blvd., St. Louis, Mo. 63122 
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1. Larger circular overhead diffused light 
with high, medium, or low illumination. 





2. Counterbalanced arm for refractor head. 





3. Large double-arm swivel instrument 
table adjustable for height to accommodate 
two instruments, i.e. slit lamp and kerato- 
meter side by side so that they can be 
swung into position by means of the 
swivelling motion of the table 
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4. Double-swivel arm with trial case carrier 
which can be fitted either side of control 
box or quite easily changed over at some 
later date if required 


5. Electrical unit with two rechargeable 
instrument wells and a third well fitted with 
coiled cable, for storage of ophthalmoscope, 
retinoscope, etc., and with a cover so that 
the instruments are keptclean and dust free 


6. Voltage outlets of 0-12 V. for hand 
instruments. 


7. Specially-designed heavy square base 
to ensure maximum stability 


8. Cream and chromium finish, or clinical 
white 


9. Receptionist buzzer. 


CAT. NO. 5130. London Universal Unit complete 
with London Refracting Unit, motorised chair and 
refraction stool. 


CAT, NO. 5131 London Universal Unit (column 
only comprising items Nos. 1-9) 


London Williamson have a comprehensive range of ophthalmic instruments and equipment, details of 
which will be sent on request. Credit terms and leasing plan available. 





London Williamson Limited 

Head Office, Stock and Instrument Divisions 

32a-37 Cowper Street. London EC2A 4AR. Tel. 01-2530455/4133 
Prescription and Single Frame Division: 

Stapleton House, Clifton Street, London EC2A 4HL. Tel, 01-739 2861 
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e Chan wrist rest 





The Wristrest adjusts quickly to any 
height or position. It removes or 

swing -tilts instantly away. Adaptable 
to all operating tables or stretchers, the 
aluminium stabilizing base is firmly 
secured by the patient's own weight. 
Portable and sturdy, it is as useful in 
microsurgery as in general ophthalmic 
use. 


The surgical drape forms a natural 
valley between the Wristrest and the 
patient's head preventing instruments 
from falling to the floor. 


K «Kee 


Each Chan Wristrest includes an 
autoclavable*, polyether foam 
headrest ... steady, adjustable and 
comfortable. Its various components 
can be arranged to provide satisfactory 
head positioning for children, normal 
adults or barrel-chested patients. 


This uncomplicated device is a 
valuable adjunct that facilitates steady 
and delicate surgical procedures. 


*Inexpensive enough to be considered disposable, 
the headrest may be autoclaved at 134°C, 


eT 





21-27 Marylebone Lane, London WIM 6DS 
01-935 8512 
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Keeler / Amoils Cryosurgery 
New Cryo Pencils 


For Lens Extraction 


Cataract Pencils, Straight and 
Curved, are now available with 
1mm @ tips. This } reduction in 
diameter permits better 
visualisation during lens 
extraction. 





Both new pencils reach — 40° C., 
and both may be used with any 
existing electrically-operated 
Amoils Control Unit. 


There are similar pencils for use 
with the non-electric ACU 20. 


For Retinal Work 


The new Machemer-Bietti retinal 
cryo probe features a rectangular 
plate 6 X 3mm that freezes to 


- 60? C. over its entire surface. 
Where large detachment areas 
are encountered, use of this 
probe can avoid the necessity for 
numerous cryo applications with 
the standard retinal pencil. The 
saving in time and tedium can be 
significant. 

The Machemer-Bietti cryo 
probe, which has temperature 
indications, may be used with 
either the original ACU-1 or the 
current ACU-12 Control Unit. 


K «Kee 








E 
21-27 Marylebone Lane, London W1M 6DS 
01-935 8512 
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Constant control 
glaucoma 


simple, acceptable, convenient 
- and well tolerated 


Each Diamox* Sustet* contains 
500 mg acetazolamide ina 
sustained-release 

capsule 


: Full prescribing information is avaliable from: 


c> Lederle Laboratories 
Research for British Medicine 
À division of Cyanamid of Great Britain Lid 
Fareham Road, Gosport, Hanis PO13 GAS 
* Registered trademarks 
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British Journal of 


Ophthalmology 
on MICROFICHE 


Since January 1976 the BRITISH JOURNAL OF OPHTHALMOLOGY has been 
published in a microfiche edition simultaneously with the standard paper 
edition. Overseas subscribers to the microfiche edition will receive microfiches, 
by AIR MAIL, within days of publication. The availability of the microfiche 
edition should have great appeal to libraries and other readers far distant from 
the United Kingdom. 


The microfiche produced for the British Medical Association conform to 
the international standard as laid down by the National Microfilm 
Association of America. These microfiches are produced by a step and 
repeat camera with duplicates produced on silver halide film for 
archival permanence. Each fiche measures 105mm x 148mm and can 
contain up to 98 images filmed at a reduction ratio of 24 x along with 
an eye readable title for identification. Details of microfiche volume 
binders are available on request. 


The subscription prices for each annual volume on microfiche are as follows: 
For subscribers to the paper edition £13.50 (U.S.A. 327-00) 


For those who do not subscribe to the £20.25 (U.S.A. $40.50) 
paper edition 


Volume 59, 1975, is also available on microfiche at these rates 


Orders for the microfiche edition of this journal can be sent to: 


The Publisher, BRITISH JOURNAL OF OPHTHALMOLOGY, B.M.A. House, Tavistock 
Square, London WC1H 9JR. Readers in the U.S.A. can order from: BRITISH MEDICAL 
JOURNAL, 1172 Commonwealth Avenue, Boston, Mass. 02134, or through any leading 
subscription agent. 
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UNIVERSITY OF LONDON 


INSTITUTE OF 
OPHTHALMOLOGY 


JUDD STREET, LONDON WC1N 90S 


Associated with 
MOORFIELDS EYE HOSPITAL 


General and Special Courses in the various aspects of ophthal- 
mology take place throughout the year. The General Course 
includes Sciences basic to ophthalmology, Methods of Examina- 
tion and Clinical Demonstrations, The Special Courses include 
the following topics: Orthoptics, Contact Lenses, Immunology, 
Orbital Dizease and Microsurgery. 


For further particulars apply to the Dean. 


EXAMINATION OF PATHOLOGICAL OPHTHALMIC SPECIMENS 
The Department of Pathology of this Institute will examine and 
report on certain specimens sent by Ophthalmic Surgeons. 
Specimens sent from Hospitals for further examination should be 
sent through the particular Hospitel Pathologist. 


For particulars apply to the Director of the Department of 
Pathology. 


DIPLOMA IN 
OPHTHALMOLOGY 


Are you preparing 
for this examination? 


We specialize in postal preparation 


Our new course should help you pass 


Write for details to: 
Medical Correspondence College 
x Penn Place 
Rickmansworth, Herts. 
Telephone: Rickmansworth 79478 


( Accredited by the Council for the 
Accreditation of Correspondence Colleges) 
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Joint Meeting 
International Intraocular Implant Club 
American Intra-Gcular implant Society 


Dates and Locationa-—— The meeting will 
begin Friday and Saturday October 1 and 
2 at the Century Plaza Hotel, Los Angeles. 
After 2 days for social and recreational 
programmes we shall re-convene in Las 
Vegas, Nevada, for the final day of the 
Joint Meeting on Tuesday October 5. 
Topics and Subjects— The primary sub- 
ject matter will be surgical techniques in 
implant surgery. 

Speakers-—An impressive faculty list has 
been assembled from around the World 
including 16-- non-American Speakers 
and 22 + American Speakers. There will be 
a number of social events in association 
with this meeting. 


Fees—-The registration fee for the 3-day 
meeting will be:— 
Members of either Implant Club— $200 
Non-members (who will be very wel- 
come) — $250. 


For further details and early registration 
apply to the following address:— 

Joint Meeting, PO Box 3140, 

Santa Monica, California 90403, USA 


; 
e Je Ele 


will undertake the fitting 
of . 


ARTIFICIAL EYES 


at 





21-27 Marylebone Lane, 
Wigmore Street, 
London, W.1 


Telephone 
07-935 8512 


By appointment only 
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ONIY 
TWO DROPS 
DAILY 


In simple glaucoma, 
Phospholine lodide has the 
considerable advantage of 
being /onger acting with a 
lower dosage. A maximum 
of only two installations a 
day is all that is normally 
required, 
















Now available in 0.03%, 
0.06%, 0.125%, 0.25% 
solutions. 





N l li 
For full technical information, please m * 

contact ; 

Ayerst Laboratories Ltd, Forge Court, 

Yateley, Camberley, Surrey 


Tel : Yateley 872021 


(Ecothiopate Eye Drops B.N.F.) * Registered Trade Mark 
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WIGMORES 


DISPENSING OPTICIANS 


Now Incorporating: 





David Beck Dispensing Opticians Ltd. E. Massey Ltd. 
Clifford Brown Ltd. A. E. Newbolt Ltd. 
R. W. Bradshaw Ltd. Spencers (Opticians) Ltd. 
Kingsley Gee Ltd. Stercks Martin Ltd. 
Midlands 
Leicester 0533-24307 
North 
Sunderland .. 0783-74315 
London & Home Counties 
Baker Street 01-935-5668 
Barking 001-594-1919 & 3700 
Basildon 0268-20340 
Beckenham .. 01-650-0033 
Boreham Wood 01 -953-3120 
Bromley 01 -460-5511 & 4066 
Catford 01 -697-4717 
Croydon 01-688-0555 
East Ham 001-472-3720 
Edgware 01 -952-3926 
East Sheen .. 01-876-2462 
Elephant & Castle 01 -703-7121 
Golders Green 01 -455-8418 & 4694 
Goring : 0903-49177 
Hampstead .. 01 -435-6658 
Harlesden 01-965-5455 
Harrow 01-427-4113 
Hatfield 070-72-62954 
Hay Hill 01 -493-0945 
Hendon Way 01-202-9323 
Holloway 01 -607-2826 
Horley 02934-2668 
Hounslow 01 -570-9955 & 2138 
Kingston 01 -546-5236 
& 01-549-3700 
Letchworth .. 046-26-4687 


A member of the DOLLOND AND AITCHISON GROUP 
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London & Home Counties (Cont'd) 
Morden = - by - Sx 01-648-3161 
New Cavendish Street ef T E 01-486-0633 
Orpington... m " m a 0689-20848 
Putney Dl bx = T T 01-788-4437 
Rayleigh - v3 T T T 037-42-3043 
Rayners Lane x m is ns 01-868-8922 
Redhill T " T - m 0737-65600 
Reigate fe T zy m B 073-72-43577 
Richmond... T AE - T 01-940-3515 
Ruislip 2 T Pu ps = 089-56-34234 
Rustington .. a - - = 090-62-6330 
Sloane Square T" E T - 01-730-7900 
Thornton Heath "e " b " 01-684-1155 
Wandsworth. . T - sé T 01-874-2187 
Waterloo ET 7 i - 01-928-5343 & 5760 
West Wickham us oa = T 01-777-2211 
Welling T T d T T 01-303-8908 
Welwyn Garden City T - eo 070-73-27130 
Wembley  .. T E T 2 01-902-5051 
Wigmore Street T - - ay 01-935-3615 & 4730 
Wimbledon . . T " S d 01-946-5533 
Worthing... 2i " Ps us 0903-201856 

South West 
Exeter T M PP m zs 0392-77698 

Scotland 
Aberdeen...” oh 2a T - 0224-22724 
Arbroath fe D: ba m em Arbroath 3782 
Dundee im ad Í T or 0382-26987 
Glasgow ix » = a 2d 041-248-5402 
Hamilton £2 s pa Ss "E. 069-82-25294 
Perth " a T E - 0738-21338 
St. Andrews .. 2 LE Pu En St. Andrews 2437 
Stirling T b T 0786 2864 
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Immunopathology 


of the Eye 


'A.H.S. Rahi B.Sc. Ph.D. and 

A. Garner M.D. Ph.D. M.R.C.Path. 
April 1976. 352 pages, 67 illustrations. 
£11.50 


The vastly improved understanding of im- 
munological processes which recent years have 
witnessed has far reaching repercussions in 
the context of ocular disease, for there is 
scarcely any type of Immune reaction which 
does not occur within the eye and Its sur- 
rounding structures. Consequently it is of 
some importance that the practising ophthal- 
mologist should be acquainted with recent 
trends In this field and this book attempts not 
only to review the more significant advances 


APRIL 1976 


Contents: Basic immune mechanisms; Patho- 
logical disease concepts; immunological 
processes and the eye; Conjunctiva and 
eyelids; Cornea; Uvea; Lens; Retina and optic 
nerve; Orbit: Immunology of ocular tumours; 
Ocular involvement In systemic immune dis- 
orders; Principles of treatment. 


Some other titles of related interest 


The Eye and its Disorders ` 
P.D. Trevor-Roper M.A. M.D. B.Chir. 
F.R.C.S. D.O.M.S. 1974. 736 pages, 
290 illustrations. £11.00 


Lecture Notes on Ophthalmology 

P.D. Trevor-Roper M.A. M.D. B.Chir. 
F.R.C.S. D.O.M.S. Fifth Edition, 1975. 
132 pages, 80 illustrations. Paper, £1.60 


Clinical Neuro-ophthalmology 
Bryan Ashworth M.D. F.R.C.P.E. 
M.R.C.P. 1973. 324 pages, 134 illus- 
trations. £11.00 


in immunology but also to relate them to 
specific aspects of ocular function and disease 
in a way which can be readily appreciated 

by the non-expert. 


Blackwell Scientific Publications 
Oxford London Edinburgh Melbourne 


Histocompatibility and Rheumatic Disease 


The Proceedings of a Symposium organized by the Heberden Society 
Edited by Derrick À. Brewerton 


Speakers and Additional Discussants @ Ankylosing spondylitis and HI-A 27 € Identification of 
HL-A antigens by serological criteria @ Mixed lymphocyte reaction stimulation antigens, their 
detection and relation to disease, and other markers of the major histocompatibility system @ The 
HL-A system and its association with immune response and disease @ Disease predisposition im- 
mune responsiveness, and thefine structure of the HL-A supergene. A need for reappraisal @ Family 
studies indicating genetic factors in rheumatic disease @ Reiter’s disease and HL-À 27 e HL-A 27 
in reactive arthritis following infection e HL-A 27 and the spondylitis of chronic inflammatory 
bowel disease and psoriasis @ HL-A 27 and acute anterior uveitis @ HL-A antigens in juvenile 
chronic polyarthritis (Still’s disease) @ Family studies on ankylosing spondylitis @ Family 
studies e Aberrant immunity in W27-positive rheumatic disease @ Lymphocyte function in 
ankylosing spondylitis @ Brief Clinical Reports @ HL-A 27 and ankylosing spondylitis. A family 
study e Behcets disease @ Circinate erosive balanitis @ Panel Discussion @ Concluding Re- 
marks @ Bibliography 


Price £2-50 (U.S.A. $7-50) including postage 


ORDER FROM: The Publishing Manager, Annals of tho Rheumatic 
Diseases, B.M.A. House, Tavistock Square, London WC1H 9JR 
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Unit + 
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THEODORE HAMBLIN LIL 
1 LANGHAM PLACE 
LONDON WIN 8HS 


Rechargeable handles are available for u 
with most Hamblin Ophthalmoscopes 
and Retinoscopes. Overnight charging 
will give sufficient power to ensure i 
constant Bright Light during a day's 
clinical use. 

Models are available tor use at 100/12: 
volts and 200/250 volts 


Theodore 

Hamblin 

Limited, 

Ha in Hol « 
1 Langham Placi € Os. 


London WIN | 
Telep! one: 01 
2 di WI Ger 
Hamblin 
(Instruments) 
Limited 
istleacre Ri 


k M t. 
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OPHTHALMIC SUNDRIES 
FOR HOSPITAL AND AFTER CARE 


THE RAYNER SINGLE PRISM RECUMBENT SPECTACLE 


Unlike those with 
separate prisms, this 
spectacle cannot cause 
double vision and is 
therefore highly 
recommended. 


It may be worn ove! 





existing spectacles, 
J or ordered glazed 
to prescription for 


long-term patients. 


THE RAYNER P.V.C. OCCLUDER 


Available in flesh or black. (1) (2) 
Hygienic and comfortable to wear 
Illustrations show (1) as supplied 
and (2) cut down to fit an orbit. 
Normally worn behind corrective 
spectacles, where the sucker 
attaches to the lens. 

Ventilation holes are provided 





For information on RAYNER Test Type Cabinets. Ophthalmic Instruments 
and British Standard Trial Cases, please contact Frank Cornish: 


THE RAYNER OPTICAL COMPANY LTD 


17 Lorna Road, Hove, Sussex BN3 3EP 
Tel: Brighton (0273) 732484-778331/2 Telex: 87323 (FSI Brighton) Rayneropt 
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Tanderil® eye ointment achieves 
anti-inflammatory effectiveness 


- without the risk of enhancing 
viral replication or bacterial 
invasiveness 


~ without adversely affecting 
intra-ocular pressure or lens 
metabolism 


Tanderil® eye ointment Geigy 


Each 5G tube of ointment contains 4-butyl-2- 

(4-hydroxyphenyl) -1- phenylpyrazolidine-3. Full prescribing 

5-dione monohydrate (Oxyphenbutazone B.P.) information is available. 

1096 in special greasy base. 
Geigy Pharmaceuticals 
Macclesfield, Cheshire 
SK10 2LY. 
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CHARLES C THOMAS + PUBLISHER 


A DECISION-ORIENTED MANUAL OF 
RETINOSCOPY by Stephen Mark Weinstock, 
Largo, Florida, and Jonathan Dine Wirtschaf- 
ter, Univ. of Kentucky, Lexington. This step- 
by-step guide to retinoscopy is based on the 
analysis of the Copeland techniques of streak 
retinoscopy and was designed to help beginning 
students of retinoscopy estimate refractive 
errors. Movement pattern diagrams, didactic 
instructions and flow charting techniques will 
enhance the speed and efficiency of the reader 
and allow him to develop this skill to an 
acceptable level of performance. Included are 
instructions on the use of aschematic eye to be 
used in conjunction with exercises which are 


presented with each step for every type of 


refractive error. 776, 116 pp., 73 il, 1 table, 
cloth-$11.50, paper-87.75 


METABOLIC EYE DISEASE edited by Hes- 
kel M. Haddad, New York Medical College, 
New York. (49 Contributors) The material in 
this book includes clinical and surgical infor- 
mation related to the diagnosis and the 
management of metabolic eye disorders. The 
four sections of the book deal with amino- 
acidurias, metabolic cataracts, thyroid disor- 
ders, and diabetic retinopathy. Acquired dis- 
orders are discussed along with inherited 
disorders. 75, 464 pp., 183 iL, 18 tables, 
$42.00 


RECONSTRUCTIVE AND PLASTIC SUR- 
GERY OF THE EYELIDS bv Frank P. 
English, Univ. of Queensland, and Warren A. 
Keats, Commonwealth Scientific and Indus- 
trial Research Organization, both of Brisbane, 
Australia. Foreword by Byron Smith. Among 
topics discussed in this book are techniques of 
primary anastomosis and cantholysis, the use 
of advancement and bridge flaps, composite 
eyelid graft, the principles of z-plasty and the 
surgery of dermochalasis, blepharochalasis, 
and herniation of orbital fat. Accompanying 
illustrations and photographs are included, 
allowing for ready cross-reference. 75, 112 
pp., 85 il, $11.00 


SYMPOSIUM ON GLAUCOMA edited bv 
Olga M. Ferrer, Horacio Ferrer Eve Institute, 
Miami, Florida. (20. Contributors) Divided 
into three sections, this book discusses the 
optic disc, medical therapy and surgical treat- 
ment. The chief features of a normal optic 
disc are differentiated from a glaucomatous 
disc. The section on medical therapy discusses 
the proper time for treatment, drugs used in 
therapy, and new therapy modalities. Micro- 
surgical procedures and surgical results are 
examined for the operation for glaucoma and 
cataract and for argon laser iridectomies. "76, 
296 pp., 117 iL, 13 tables, $22.50 


LOW VISION: A Symposium Marking the 
20th Anniversary of the Lighthouse Low 
Vision Service edited by Eleanor E. Faye and 
Clare M. Hood, both of New York Lighthouse 
Low Vision Service, New York. Foreword by 
Wesley D. Sprague. (33 Contributors) Divided 
into nine sections, this book covers special 
uses for lenses and non-optical aids, the new 
technology of lenses, recent medical and 
surgical advances, neuro-ophthalmological de- 
fects, special problems of the child, the 
vocationally bound adult and the elderly with 
limited vision. Models of low vision clinics and 
training in these clinics are discussed. 75, 320 
pp., 70 il, 9 tables, $19.50 


CHORIORETINAL HEREDODEGENERA- 
TIONS by A. Franceschetti, Univ. of Geneva, 
Geneva, Switzerland; J. Francois, Univ. of 
Ghent, Ghent, Belgium; and J. Babel, Univ. of 
Geneva, Geneva, Switzerland. (6 Collabor- 
ators) Thirty years of experience in hereditary 
chorioretinal diseases are summarized in this 
book. Numerous illustrations present the most 
typical ophthalmoscopical images and a series 
of genealogical trees for each clinical entity. 
Descriptions of symptoms are accompanied 
by a discussion of visual function, heredity 
and pathogeny, and numerous detailed per- 
sonal observations. 74, 1496 pp. (7 Xx IU 
LIST il. (137 in full color), 65 tables, $175.00 


Orders with remittance sent by air, postpaid 


301-327 East Lawrence Avenue e Springfield e [Illinois e 62717 e USA 
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1970 


April 1976 Volume 60 No. 4 


British Journal of 


Ophthalmology 


Incorporating The Royal London Ophthalmic Hospital Reports 
The Ophthalmic Review and The Ophthalmoscope 





EDITOR 
Stephen J. H. Miller 


ASSISTANT EDITORS 
W. S. Foulds M. D. Sanders 


COMMITTEE 

Norman Ashton A. C. Bird C. A. Brown J. H. Dobree Peter Fells 
Barrie Jay F. D. McAuley E. S. Perkins C. I. Phillips 

M. J. Roper-Hall Redmond J. H. Smith A. Stanworth 


and the Editor of the British Medical Journal 


TECHNICAL EDITOR 
Jennifer Orton 


Institute of Ophthalmology Judd Street London wctrH 995 


Publishing Office 
British Medical Association Tavistock Square London WC1H QJR 
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HOW SIMPLENE 
BENEFITS THE PATIENT AS WELL 
AS THE GLAUCOMA. 


Because there is no separate 
dropper, the risk of 
contamination and 
subsequent infection 

is negligible. 






















Functional shape is highly 
Stable, ridged surface 
helps the patient to 
grip the bottle 


Simplene effectively 


reduces intra-ocular Allin one 
pressure in open bottle and 
angle, primary | PE i "te dropper 
or secondary © (EE ia 3 icc Ar. ae makes 
glaucoma. | INA XE bh EV Simplene 

| easy to use. 
PL 0033/0057 , Mofas erd 

bother. 


Convenient plastic 
bottle will not 
break if dropped, 
can be confidently 
carried in handbag 
Or suitcase. 





7 SIMPLENE 
uy Relieves the pressure of glaucoma 
y Reduces pressure on the patient 


y Simplene is à 
Registered Trade Mark 


'^ Further information is 
available on request from: 
Smith & Nephew Pharmaceuticals Ltd 
Welwyn Garden City, Hertfordshire. England 


Contents will 
not spill if 
the bottle is 
knocked over 


1075/BJO0 


300501, 


XXVI 


toms, but in high dose (1500 rads) vision was 
reduced below 6/60 permanently in most patients. 
The reduction in visual acuity correlated in time 
and severity with corneal changes, which are 
described later. 


Pain 

Thirty-two patients complained of discomfort in 
the eyelids beginning after 20-34 days, and later 
in patients with conjunctival keratinization. Thirty 
patients complained of pain or discomfort in the 
eye, as early as 27 days in one patient and as late as 
five months in another. The average time of onset 
was at 10 weeks. Severe and persistent pain oc- 
curred in most patients receiving more than 1000 
rads. Discomfort in the eye correlated with epi- 
thelial keratitis recorded as or greater, and 
pain with corneal erosion in three eyes and corneal 
ulceration in four. 


Epiphora 

Epiphora occurred in 31 eyes after 8 to 19 weeks. 
[n three eyes it was present initially and was 
aggravated after neutron therapy. Epiphora was 
transient in low-dose patients, remitting at about 
12 weeks and persisting in only 13 eyes. The causes 
of epiphora are considered later. 


CLINICAL EFFECTS—SIGNS 
Skin erythema (Table H, Fig. 1) 


Ervthema of the face and eyelids occurred in 52 
patients seen during the early weeks of treatment. 
Four patients were not examined during the 
appropriate period. The reaction was seen as early 
as 15 days, reaching a peak at 25 davs, and there- 






NT Zr 
E 


aa 


- | ’ -— a 
> > 


Effects of fast neutrons on the eve 237 


Table II 
signs occurring in the face, eyelids, and lacrimal 
system related to radiation dose 


ae 


Percentage incidence and nature of 


Radiation dose (rads 


en 100 101—100 101-500 301-1000 1000 
In 25) (n 2X) in t3) (n X)! ín i) 

Erythema of face 12 5 77 100 ^ 
Erythema of lids 7 77 SN T 
Oedema of lids 10 25 7 73 7 
Mucopurulent 

discharge £t 25 £4 g ( 
Loss of cilia 10 A) NS d T 
Meibomian 

obstruction 10 13 Oy SO NN 
Punctal stenosis 10 IN Y iN lug 
Distortion of lid 

contour 7 Tm is T , 
Punctal ectropion 10 25 23 18 $ 
‘Tear fluid excess is 46 0 50 f 
‘Tear fluid 

deficiency y IN 15 13° T 
Precorneal drying jT HI 23 go tT 
Oil excess 14 36 j5 25 I 
Oil deficiency IR 46 25 «^ 
Mucus excess IN 16 ^2 h3 NN 
Debris excess 21 1 hg 61 NN 


Ee 
*Only one eve affected 


after subsiding to disappear at 10-12 weeks. In 
no case did erythema persist, but it was followed 
later in some patients by telangiectasia and in two 
by increased skin pigmentation 


Eyelids (Table 11, Fig. 1) 

Oedema. This was seen in 37 eyes and coincided 
with the appearance and subsidence of the erythe- 
matous response, but when an eyelid received a 
dose of over rooo rads it persisted and in some 
cases increased. 


Loss of cilia. Partial or complete loss of cilia was 


a " 
^u S 















MAS 


FIG. 1 Eve at 35 days showing skin 


and conjunctival erythema, skin 
oedema, loss af cilia, distortion öf [ul 
margin contour, mucopurulent 
discharge, and excessive tear fluid 


in marginal gutter 
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common. Reduction in the number of lashes 
occurred between 22 days and eight weeks with 
complete loss by 30 days to 19 weeks. In only two 
patients was there any regrowth. 


Distortion of lid contour. Rounding of the posterior 
edge resulting in imperfect lid apposition to the 
globe occurred in 33 eyes. This distortion appeared 
between 18 and 49 days, tended to persist, and 
disappeared in only one patient. The amount of 
distortion paralleled that of the oedema and in- 
creased later (19 weeks to five months) in patients 
in whom the oedema increased. 


Meibomian gland obstruction. Obliteration of meibo- 
mian orifices occurred in 39 eyes. It was first seen 
after 15 to 34 days and tended partially to remit 
later. It was associated with absence of the oily 
layer of the tear film. In late cases (after four 
months) accumulation of secretion was seen 
through the conjunctiva in some tarsal glands 
which had not reopened. 


Mucopurulent discharge. This commonly collected 
along the lower lid margin and at the inner canthus 
in spite of the routine use of antibiotic drops. It 
was thought to be due to abnormal tear film con- 
stituents rather than infection. All cultures were 
sterile and microscopy showed that the constituent 
cells were leucocytes. 


Lacrimal function (Table II) 


Lacrimal punctal stenosis. Partial punctal obstruction 
developed in 27 eyes after 17 to 34 days and pro- 
gressed to become complete in 11 cases. In the 
less affected cases partial remission occurred by 5 
months. 


Lacrimal punctal ectropion. Ectropion occurred in 
24 eyes after 18 days to 12 weeks. The condition 
tended to remit when lid oedema subsided but 
persisted to some extent in most cases. 


Naso-lacrimal duct obstruction. This occurred 
bilaterally in two patients at 19 months, probably 
as a result of radiation. Uncomplicated bilateral 
dacryocystorhinostomies were performed with re- 
lief of symptoms in one patient. 


Tear fiuid. This was seen in excess in 39 eyes after 
15 days to 12 weeks and tended to persist (Fig. 1). 
Seventeen eyes developed a deficiency with onset 
of corneal drying between 38 days and 13 wecks, 
which tended to persist. 


Tear film constituents. There was excessive oil in 
the tears in 25 eyes between six days and 15 weeks 


with return to normal in x1 to 19 weeks or pro- 
gression to deficiency in 22 eyes. Mucus was 
excessive in 42 eyes after 18 days to 15 weeks and 
persisted. Excess debris of a fine, white cellular 
appearance was observed in the tear film in 46 
eyes after 14 to 38 days with subsequent disap- 
pearance at zo weeks. Microscopy showed it to 
consist of leucocytes and in one case also ery- 
throcytes. 


Conjunctiva (Table IIT) 

Conjunctival tnjection (Fig. 1). Injection was 
observed in 40 eyes. There was dilatation of the 
arterioles, capillaries, and venules, particularly in 
the tarsal conjunctiva. The global conjunctiva was 
less affected. Injection was first observed at 13 
days, reached a peak at 27 days, and thereafter 
subsided slowly. The course paralleled that of the 
skin erythema but the decline seemed to take longer 
and result in a pathologically pale appearance. The 


. pallor was due to a relative absence of blood-filled 


capillaries; the arterioles appeared relatively normal 
at this stage. 


Telangtectasis (Fig. 2). Telangiectasis was seen in 


-26 eyes on average at 25 weeks, and in all cases had 


been preceded by a significant degree of erythema 
(++ to 4-4----F). Differentiation between in- 
jection and telangiectasis was not always easy. 
Telangiectasis was recognized as dilated arterioles, 
straight in the tarsal conjunctiva and tortuous on 
the bulbar conjunctiva, from which normal or 
enlarged capillaries branched at right-angles. 


Oedema. Chemosis was seen in 17 eyes from 18 
days onwards and occurred only in association 
with moderate or severe (++ to +++-4) 
erythema. The oedema subsided by 43 days, 
except in one severe case in which it persisted. 


Table IIl Percentage incidence and nature of 
signs occurring in the conjunctiva and cornea 
related to radiation dose 





Radiation dose (rads) 


Sign X100  IOI-300 301—500 501-1000 > 1000 
l (1-28) (9-28) (13) (m—8)  (m==16) 
Conjunctival 
injection 4* 5o 77 75 69 
oedema 4* 14 46 38 50 
Conjunctival ulcer — — — — 13 
'Telangiectasia 10 25 8* 50 50 
Keratin formation  4* 7 g* as 48 
Contracture 4* 4* 15 — 13 
erosion — — 23 13* 31 
Epithelial keratitis 7 36 46 38 63 
Reduction of 
corneal sensation — 4* 18 15 as 50 
NN SE a eR a a Re 
*Only one eye affected 





Ulceration. ‘This was seen in only two patients in 
association with other notable signs of radiation. 
'l'he conjunctiva of the lower fornix was affected in 
both and the global conjunctiva also in one patient. 
It occurred relatively late, after 11 weeks. 


Contracture. Contracture of the conjunctiva was a 
relatively late sequel in six eves after 13 weeks. 


Keratinization (Fig. 3). Keratin plaques appeared 
after 10 weeks in 12 eyes on the tarsal conjunctiva 
near the lid margins and occasionally encroached 
on the global conjunctiva. They tended to vary in 
size and position from one examination to the 
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riG. 2. Telanetectasia of tarsal 


conmonctima 


next. In three eves they disappeared and were 
replaced by normal epithelium. 


Cornea (Vable EE) 


Epithelial keratitis. Punctate epithelial keratitis of 
minor degree was a common finding and caused 
slight loss of visual acuity and discomfort. [i 
occurred in 32 eyes after 15 days, reached a peak 
at 30 days, and thereafter declined slowly with 
complete healing after 10 weeks in most eyes but 
with some degree of persistence in others. 


Corneal erosion (Fig. 4). Epithelial keratitis was 


MiG. 3 Keratin plaque on upper 


tarsal conjunctiva 
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followed in 11 eyes by corneal erosion. In four 
eves the erosion. increased. over four weeks to 
produce total corneal epithelial loss. Epithelial 
regrowth occurred in some eyes and was sometimes 
accompanied by wedge-shaped patches of con- 
junctival epithelium (Fig. 5) which later came to 
resemble corneal epithelium. 


Corneal ulceration. ‘This occurred as a late compli- 
cation (after two to nine months) in four eyes. In 
one eve 1t responded to medical treatment, but in 
another it perforated and the eve was lost. One 
eye was successfully treated by a corneal graft. 
The fourth patient died before 
could be completed. 


observations 


Corneal sensitivity. This was reduced in 19 eyes, 
including those with total corneal erosions. 





HG., 4 Extensive corneal erosion 


Uvea (Table IV) 


Iris atrophy was a late sequel in three eyes after 
eight weeks. There was partial loss of the pigment 
epithelium, visible on transillumination. Rubeosis 
iridis occurred in one eye (see ‘Intraocular pressure’), 


Lens (Table IV) 


Radiation cataracts developed in 11 eyes and 
presented between 34 weeks and 19 months, most 
commonly between seven and 12 months. All 
those presenting after one year had not been 
examined between 12 months and the time of 
presentation. The earliest changes were often 
identified from the slit-image photographs. The 
cataracts consisted of fine granular and cystic 
material in the posterior subcapsular region of the 
lens (Fig. 6). In the less affected eyes the changes 


FIG. 5 M'edge-shaped patch of 
conjunctival epithelium ts seen on 
cornea after healing of corneal erosion. 
Telangiectasia of bulbar conjunctiva 


Table IV 
stgns occurring in the uveal tract, lens, and retina 
related to radiation dose 
NE 


Percentage incidence and nature of 


Radiation dose | rads 


^um 100 101-300 101-500 501-1000 ^ 1000 

(t= 38) (n= 28) (m—13) (mnm —8) (m th) 
Iris atrophy 4* 113 
Radiation cataract ;* 4° %1 "n 
Retinal pigment ge t3 
Glaucoma g9 


*Only one eve affected 


were confined to the posterior. pole, but in the 


three more severely affected there was thinning of 


the anterior subcapsular clear zone with some fine 
granular deposits arranged in radial lines in the 
equatorial periphery of this zone. In three eves 
the posterior subcapsular opacities increased in 
density to the point where cataract extraction was 
indicated. Cataract extractions were uncompli- 
cated in these cases. In three eyes mature cataracts 
developed rapidly in association with penetrating 
corneal ulcers. This occurred at seven months in 
one eye and at 15 months in the other. 


Retina (Vable IV) 


Pigmentary retinopathy with a few microaneurysms 
was observed in three eyes at seven months. 
There was a fine scattering of pigment around the 
posterior pole, but normal 
showed that there was no widespread disturbance 
of the retinal pigment epithelium. Central retinal 
artery occlusion occurred in one eve at 30 months. 


electro-oculograms 


This eye had received 1252 rads. 





Slit-image picture of lens showing developing 
posterior subcapsular cataract, absent antertor 
subcapsular clear zone, and fine anterior subcapsular 
cataract forming 


FIG, 6 
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Intraocular pressure (Vable IV) 


Reduction in intraocular pressure occurred in nin 
eves after 2y days. Two recovered normal levels 
after 11 weeks, but the other seven remained low 
In one patient the final figure was significantly low 
at 6 mmHg. One eye developed absolute glaucoma 


in association with rubeosts iridis. 


Loss of vision or loss of eve 


Five eyes either lost all useful vision or be- 
came damaged beyond hope of recovery. With the 
exception of the glaucomatous eve (325 rads) and 
the eve with central retinal artery occlusion (1252 
rads), loss of sight occurred only at doses greater 
than 1500 rads. In these eyes the sight was lost as 
a result of corneal ulceration and perforation duc 
to corneal necrosis, and self-induced mechanical 
damage may have contributed in one of these cases 
in which the cornea was anaesthetic 


Discussion 


Several papers, mainly American in the 19505 
have reported the effects of neutron irradiation 
resulting from cvclotron accidents (Ham 10531; 
Haye, Mathé, Jammet and Pendic, 1970); from 
chronic exposure in cyclotron workers (Ableson 
and Kruger, 1949; Dollfus, 1950); and from atom 
bomb explosion (Flick, 1948; Cogan, Martin, and 
Kimura, 1949; Cogan, Martin, and Ikui, roso: 
Kimura and Ikui, 1951; Ham, 1953) 

We know of none on the effects on the human 
eye of deliberate clinical exposure. Deliberate 
exposure has been confined to animal experimenta- 
tion (Krause and Bond, 1951; Cogan, Goff, and 
Graves, 1952; Moses, Linn, and Allen, 1953; Have 
Legeay, Bazin, and Quechon, 1970). 

The relevance of the literature to the present 
study is not easy to assess. The tvpz of radiation 1 
not identical and the significance of the dose 
uncertain. In accidental exposures the doses ari 
necessarily vague and in animal experiments, 
where the doses are monitored, the relevance of 
the findings in an infant animal to the treatment of 
adult humans is questionable. Nevertheless, the 
literature is useful in describing the clinical fea- 
tures to be expected, particularly those of cataract 
The histology of neutron cataract is described 
and the mechanism of its formation suggested. The 
animal experiments, in particular those of Kraus: 
and Bond (1951) and Cogan and others (1952), 
suggest that neutrons are more cataractogeni per 
unit. energy than x rays, and we expected that 
cataract would be the chief complication of neutron 
therapy. This proved not to be the case 

Kimura and Ikui (1951) and Cogan and Donald- 


son (1952) described. doughnut-shaped posterior 
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cortical cataracts in patients exposed to atom bomb 
irradiation. Histological examination showed granu- 
lar material at the posterior pole and abnormal 
equatorial cells. In our study single-layered opaci- 
ties occurred in the posterior subcapsular region 
and doughnut shapes were not seen. There were 
changes in the anterior subcapsular region, with 
obliteration of the subcapsular clear zone, followed 
by subcapsular cataract. This has been seen in 
cataracts from other causes (Brown and Tripathi, 
1974). The opacities consist initially of a fine 
granular and cystic material in the lens periphery 
which is seen to move towards the poles, especially 
the posterior pole, on sequential observations. 
These observations support the view that it is the 
lens epithelium that is most sensitive to neutron 
irradiation, as suggested by Kimura and Ikui 
(1951), and to x irradiation, as suggested by 
Grzedzielski (1935), Okusawa (1933), and Lein- 
felder and Kerr (1936). 


OTHER OCULAR EFFECTS 


The literature on neutron radiation is concerned 
mainly with cataract. In our study we found signifi- 
cant changes in eyelids, conjunctiva, and cornea. 
Such changes also occur in x irradiation (Duke- 
Elder, 1954; MacFaul and Bedford, 1970; Merriam, 
Szechter, and Focht, 1972). We considered the 
temporary dysfunction in the eyelids of our 
patients to be due to vessel damage, with resultant 
erythema and oedema, and to damage to epithelial 
structures, causing epilation and meibomian gland 
obliteration. This was followed either by resolution 
with clinical recovery or fibrosis with resultant 
permanent dysfunction, including meibomian obli- 
teration, ectropion, lacrimal punctal stenosis, and 
persistent oedema. 


The lacrimal apparatus was affected by both | 


epiphora and dry eyes. Epiphora was accounted 
for by punctal stenosis, naso-lacrimal duct obstruc- 
tion, and reflex increase in tear production in 
response to corneal irritation. Keratoconjunctivitis 
sicca, which occurred in the more severely irradiated 
eyes, may be due to reduced tear secretion either 
as a result of destruction of the ductules of the 
lacrimal glands passing through cicatrization in 
the conjunctiva or as a result of destruction of the 
gland itself or of the accessory glands. 
Abnormalities in the quality of the tears were 
also found. They were less able to wet the cornea 
on blinking and the precorneal tear film tended to 
dry between blinks—which was attributable in 
part to meibomian gland destruction with the 
resultant loss of the oily layer of the tear film. The 
particulate matter in the tear film consisted of 
leucocytes and erythrocytes which had probably 
entered the tears by diapedesis through the damaged 


vessel walls. We attributed the excess mucus 
sometimes seen soon after treatment to irritation 
of the goblet cells of the conjunctiva, and it may 
have been due to a goblet cell hyperplasia. 

The conjunctival erythema and chemosis either 
resolved or went on to telangiectasia and persistent 
oedema. The oederna was probably due initially 
to an increased production of extracellular fluid 
from the dilated capillaries and later, when the 
vascularity had diminished, to reduced clearance of 
extracellular fluid by defective lymphatics. In 
severe cases there was epithelial loss, which was 
followed by conjunctival contracture with scarring 
and by invasion of the conjunctiva by squamous 
keratinizing epithelium from the lids. 


CORNEA 


The corneal epithelium was partially or, rarely, 
completely destroyed. This was probably due 
initially to radiation and the alteration in corneal 
environment caused by lid ectropion with exposure, 
and then keratin plaques and abnormalities of the 
tear film contributed to its persistence. The similar 
effects of x irradiation directly upon the epithelium 
and through diminished tear secretion have been 
described by MacFaul and Bedford (1970), and 
Maumenee (1956) described the abrasive effect on 
the cornea of keratin plaques on the tarsal con- 
junctiva. 

Corneal sensitivity was affected at the time of 
epithelial loss, after which sensitivity usually 
returned. In this respect neutron radiation appears 
to be less damaging than x irradiation, which 
commonly significantly affects corneal sensation 
(MacFaul and Bedford, 1970). The corneal stroma 
seems relatively resistant to. neutrons but we 
attributed the severe late ulceration in three eyes 
to corneal necrosis. This is a well recognized late 
complication of x irradiation (Blodi, 1958; Linnell 
and Wolter, 1967; MacFaul and Bedford, 1970; 
Merriam and others, 1972) and after radium 
application (Martin, 1936). We did not see stromal 
vascularization, which may follow x irradiation 
(Blodi, 1958). The corneal endothelium seemed 
resistant to the dose of neutrons used and stromal 
oedema was seen only at the time of epithelial loss. 
Once corneal epithelial healing had occurred good 
vision returned and persistent oedema, which 
may follow x irradiation (Blodi, 1958), did not 
occur. 


UVEA 


The uvea seems relatively resistant to neutron 
irradiation. Iris atrophy, a recognized effect of 
x irradiation (Benedict, Christenberry, and Upton, 
1955), occurred but did not cause dysfunction. 


The intraocular pressure tended to fall, suggesting 
dysfunction of the ciliary body and permanent 
damage to it in patients in whom pressure re- 
mained low. There was no disability attributable 
to the low pressure. Rubeosis iridis associated with 
glaucoma is a recognized complication of x irra- 
diation (Jones, 1958; Bedford, 1966) and was seen 
in one neutron-irradiated eye. 


RETINA 


The retina seems resistant to neutron therapy. The 
changes in visual acuity could be accounted for by 
changes in the anterior segment. The minor pig- 
mentary disturbance seen in three eyes was not 
associated with electroretinographic change, which 
is recognized in x irradiation (Baily and Noell, 
1958; Noell, 1962; Lipetz, 1962). Radiation 
retinopathy with haemorrhages and exudates is 
known to result from cobalt plaque application to 
the eye (Cibis and Brown, 1955; MacFaul and 
Bedford, 1970; Hayreh, 1970) and is reported 
after intensive x irradiation in man (Chee, 1968; 
Billson, Yeung, and Crock, 1969; MacFaul and 
Bedford, 1970) and in experimental animals 
(Cibis, Noell, and Eichel, 1955). In the present 


study only two eyes showed small numbers of 


microaneu rvsm. 


DOSE RESPONSE RELATIONSHIP TO CLINICAL EFFECT 


Tables I-IV show the incidence of symptoms and 
signs related to neutron dosage. In another 
communication (Brown and others, 1976) we re- 
lated dosage to clinical effect in a smaller number 
of eyes. We found no significant differences in the 
93 eyes reported here. Our results, as reported 
earlier, indicate that doses up to about 80 rads 
produce no recognizable effect. Doses of 8s to 
220 rads produce slight transient disturbance of 
vision and irritation followed by complete resolu- 
tion. Doses of 220 to 860 rads produce a moderate 
disturbance of vision and discomfort with incom- 
plete resolution resulting in a slight, permanent 
reduction in vision. Doses of 860 to 1510 rads 
commonly produce a severe clinical effect with 
significant reduction in vision and little resolution. 
Most of the patients in this group have persistently 
poor vision, but in some this is remedied by 
cataract extraction, A few patients even in the 
upper range of this group are symptom-free after 
18 months. Doses in excess of 1510 cause ocular 
destruction and no useful vision is retained. 


ANALYSIS OF ERRORS 


There were only a few eyes in each dosage group, 
which makes it difficult to draw conclusions from 
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the percentage incidence of signs and symptoms. 
The tendency was for the incidence of a symptom 
or sign to increase with dosage, with the following 
exceptions. In the group of patients where the 
dose was more than tooo rads the incidence of 
facial and lid erythema, mucopurulent discharge, 
and conjunctival injection seemed to be low. 
These are early signs and not all the patients in 
that group were seen at the earliest stages. 

The group 30:-1000 rads consisted of eight 
patients and it was unfortunate that this group 
comprised some of the most sparsely documented 
patients by reason of irregular attendances, etc. 
Thus any apparent anomaly in this group must 
be attributed to these factors. In the group x 100 
rads only one eye had chemosis, injection, and 
mucopurulent discharge. These signs were due to 
incidental conjunctivitis and not to radiation, In 
one eye with reduced corneal sensation in this 
group the loss of sensation was minimal. 

There are some doubts about the accuracy of 
the dosages of radiation stated in this study, for 
the following reasons: 

1. The lower the estimated dose the higher the 
possible error. Thus a stated dose of so rads 
may be 10 rads in error, but, for example, 
a dose of 680 rads may be -30 rads, a 
lower percentage error. 

2, An eye placed at the edge of the field will 
receive a variation of dose across the eve. 
When measuring doses across the eve by 
aluminium activation, pellets of aluminium 
may also be on the edge of the field. An 
incorrect estimate of dose may be obtained if 
only part of the pellet is irradiated. In cases 
where this was thought to have occurred the 
maximum possible dose was estimated, 

3. The error in calculating the doses received 
was of the order of 5 per cent. 


ERRORS Ew ENCIDENCE OF SIGNS AND SYMPTOMS 


The timing of follow-up varied between patients. 
Some were not examined until after the start of 
radiotherapy and there were occasional lapses in 
regular follow-up owing to patients not being able 
to attend. Thus some early signs might have been 
missed. Some patients were not followed-up for 
more than a few weeks for various reasons, and so 
the incidence. of late complications may well be 
higher than that given. 


Summary 


This study of 93 eves receiving neutron irradiation 
establishes the character of the ophthalmic compli- 
cations of neutron treatment. Significant changes 
are produced in the evelids, conjunctiva, and 
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cornea, but the production of cataract is relatively 
unimportant. No reaction was seen after neutron 
treatment that had not already been seen after x 
or gamma radiation. That the unavoidable damage 
is similar to that reported with other forms of 
radiation, and not worse, is an important finding in 
view of the statistically significant benefit of 
neutron treatment to patients in a controlled 
clinical trial of advanced tumours of the head and 
neck (Catterall and others, 1975). The observa- 
tions indicate that the improved cure rates with 
neutrons are not obtained at the expense of in- 
flicting greater damage to normal structures. 'T'his 
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CHANDLER R. DAWSON,* TOUFIQUE DAGHFOUS,? MOHAMMED MESSADI, 
ISAO HOSHIWARA,; anb JULIUS SCHACHTERS 

From the Francis I. Proctor Foundation for Research in Ophthalmology and Department of 

Ophthalmology, University of California, San Francisco,* L'Institut d'Ophtalmologie de Tunis, Tunis, 

the Division of Indian Health, United States Public Health Service, Phoenix, Arizona, 

and the George W. Hooper Foundation, University of California, San Francisco’ 


Since trachoma responds to some antibiotics and 
sulphonamides that have been available for a 
generation, it has been assumed that it would by 
now have undergone the same precipitous decline 
in prevalence as syphilis and tuberculosis. The 
areas in which this happy expectation has been 
borne out, however, are only those that have 
enjoyed economic development (Assaad, Maxwell- 
Lyons, and Sundaresan, 1969; Blagojevic, Savic, 
and Litricin, 1973). For example, we found only 
30 cases of active disease among 2500 school- 
children recently surveyed for trachoma in Tunis. 
In contrast, the examination of children of the 
same age in a southern Tunisian oasis uncovered 
active trachoma in 85 per cent (Dawson, Daghfous, 
Messadi, Hoshiwara, Vastine, Yoneda, and Schach- 
ter, 1974). 

This continuing high prevalence in economically 
undeveloped areas poses an especially grave public 
health problem which is disguised by the simple 
statement of overall prevalence rates. Because of 
widespread general improvement in public health 
programmes there has been an enormous increase 
in the number of people aged under 15 years, and 
it is this age group, burgeoning in rural areas 
affected by trachoma, that harbours the seeds of a 
future dramatic increase in blindness. This is 
preventable blindness, however, since active 
infectious trachoma responds to sulphonamides, 
the tetracyclines, and erythromycin. For this 
cogent reason the disease should now be vigorously 
attacked in undeveloped rural areas, where it 
continues to be both endemic and severe. 

The study reported here was undertaken to 
quantify the prevalence of trachoma and its sight- 
threatening sequelae in two rural populations— 
one just beginning to develop economically, the 
other still with a traditional rural economy. The 
pattern of trachoma and its visually disabling 
lesions in these communities is probably charac- 
teristic of its pattern in endemic areas the world 
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over. Information on the intensity and disabling 
complications of the disease in such. communities 
is essential if the success of treatment is to be 
judged with any accuracy and if programmes are to 
be developed that vield the best results within the 
limitations of the available economic and human 
resources. 


Population and methods 


Two oasis villages in southern Tunista were selected, 
One of them {Chorn Sidi Abdel Sellem) was near a 
large town in which the pace of economic development 
had been accelerating for the five vears before this 
study was undertaken, The second village (El Golaa) 
was a pre-Saharan oasis whose economy was based on 
traditional agriculture--the cultivation of dates and 
vegetables on irrigated land. The chmatic and certain 
demographic features of the two villages are sum- 
marized in Table I. Many of the men from both villages 
worked in other parts of Tunisia or in. Europe and 
usually remitted part of their earnings to their families. 
Most of the houses were constructed of earth and 


Table I Climate, population, and income tn tivo 
Tunistan villages, Chott and El Golad 





Chett El Goladá 
Temperature 
January 
Maximum at tos F) 24 C (7s P) 
Minimum ra Cisy fA -3 C (27; F3 
July 
Maximum 32 Cob 44 C (ria P) 
Minimum 24 Q (os F} a 09 1 


December 1970 ke mm Ca 9m) 


Population 
"Total 1962 1880 
Percentage 


aged < 14 years —| 49:6 percent 52:2 per cent 





Annual income 
person $120 * 100 
EAC enn TREO RCRUM MAR AERIIATART ANNA STRICTO EOE PES CAN PUR IEULEAEHTKSHTURIUN 
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located outside the shady, cultivated part of the oasis. 
Artesian drinking water was obtained from public 
fountains, often some distance from the houses. Above- 
ground latrines were located near most houses and in 
the fields. 

In both villages the relatively high mortality rate 
from infectious diseases in infancy and childhood had 
been dropping steadily, and children under 15 years of 
age constituted about one-half of the resident population. 
In each village there was a ‘dispensaire’ who distributed 
medications for common conditions. The consumption 
of tetracyclines (usually for gastroenteritis) and peni- 
cillin (usually for fevers and respiratory diseases) is 
shown in Table II. A physician. visited Chott twice a 
week and El Golaá once a week. Chott was near a town 
(Gabés) with a well-equipped regional hospital and 
readily accessible facilities, whereas El Golaá was 28 km 
from a small satellite hospital with one physician and 
small staff who cared for a population of some 36 ooo. 

Among young children in both villages (as in other 
communities in the region) an acute mucopurulent 
conjunctivitis began each year in May, reached an 
epidemic peak in October, and subsided with the onset of 
cooler weather (Huet, 1958; Vastine, Dawson, Daghfous, 
Messadi, Hoshiwara, Yoneda, and  Nataf, 19742). 
During the epidemic flies (for the most part Musca sp) 
were numerous. They clustered on the children’s eyes and 
particularly on those with purulent conjunctivitis. This 
pattern of seasonal epidemics of purulent conjunctivitis 
has been well described in trachomatous areas of 
North Africa and the Middle East (Huet, 1958; Maxwell- 
Lyons and Amies, 1949). 

A complete census of each village was made by a 
public health nurse familiar with trachoma control 
programmes and himself an inhabitant of the region. In 
addition to a record of the age, sex, family interrela- 
tionships, and primary occupation of edch member of 
the family the census included information on each 
house about the type of construction, the water supply, 
the number of rooma, and the method of disposing of 
excreta. 


CLINICAL EXAMINATION 

We made all clinical observations with the standard 
biomicroscope (slit-lamp) and recorded the following 
signs (suggested for the ‘short’ examination by the 
Fourth Scientific Group on Trachoma (World Health 


Table I Antibiotic consumption and medical 





care in Chott and El Golaá (1970) 
Chott El Golaá 

Tetracyclines, doses* (250-mg 

or roo-mg tablets or 20-mg 

solution) 1023 . 4904 
Penicillin, doses* (1 ooo ooo 

Or 500 ooo units) 961 725 
Medical care 

No. visits to clinics/year 1371 951 

Nearest hospital (km) 2 28 





*Doses per 1000 persons per annum 


Organization, 1966a)): trichiasis and/or entropion, 
lymphoid follicles on the upper tarsal conjunctiva, 
mature tarsal follicles, papillary hypertrophy on the 
upper tarsal plate, conjunctival scarring, superficial 
corneal vascularization (vascular pannus), corneal 
infiltration, corneal scarring, trachoma stage according 
to the MacCallan classification, and mucopurulent 
conjunctivitis. 

Since the definition and scoring of lymphoid follicles 
on the upper tarsal conjunctiva given by the WHO 
(World Health Organization, 1966a) can be interpreted in 
different ways by different observers we used a modified 
definition for this sign, which is described elsewhere 
(Dawson, Elashoff, Hanna, and Wood, 1968). Two other 
departures from established WHO practice were the 
tabulation of trichiasis and/or entropion as a separate 
sign, and the measurement of the person’s visual acuity 
at the time of the first examination. 

We recorded the clinical findings for each patient on a 
standard form at the time of examination and later 
transferred the data to Holerith-type punch cards for 
processing. 


STRATIFICATION OF CASES BY CLINICAL INTENSITY 


Since the MacCallan classification of trachoma does not 
adequately describe the intensity of the clinical disease 
a simple stratification of cases was devised. From the 
recorded clinical scores of lymphoid follicles (F) and 
papillary hypertrophy (P) on the upper tarsal conjunc- 
tiva the intensity of the conjunctival inflammatory 
disease was classified as severe, moderate, mild, or 
inactive, as follows 


Papillary 
Follicles hypertrophy 
Severe 1, 2,3 3 
Moderate 3 2 
Mild 3 I 
Or 2 1,2 
Insignificant or inactive — o, 1 I,2 


SCHEDULE OF EXAMINATIONS OF POPULATION 
SAMPLED 

Starting in the autumn of 1969 and continuing through 
the winter and spring of 1970 one of us (MM) examined 
the entire population of both villages. A subsample of 
some 20 to 25 families was selected in each village, a 
total of 220 residents of Chott and 180 of El Gola&. 
Only families in which there was a preschool-age child 
with active trachoma were selected. The sample was 
thus deliberately biased in favour of families with 
active trachoma and children. 'The families in these 
two subsamples were re-examined once or twice a 
year by two examiners working independently. 


LABORATORY STUDIES 


' 'To detect the infective load of trachoma agent we took 


conjunctival scrapings from the children under x5 in 
the subsample at the initial and all subsequent examina- 
tions and stained them with either Giernsa or fluorescent 
antibody, as described elsewhere (Dawson and others, 
1974). Material for bacterial culture was also taken 
from the eyes of this group (Vastine, Dawson, Hoshiwara, 


Yoneda, Daghfous, and Messadi, 1974b). In addition, 
some of the laboratory studies of conjunctival scrapings 
from children participating in treatment trials in a 
village two kilometres from El Golaá are reported here 
(Dawson and others, 1974; Dawson, Hoshiwara, 
Daghfous, Messadi, Vastine, and Schachter, 1975). 


Results 
VISUAL DISABILITY 


From our measurements of central visual acuity 
an unusuallv high rate of visual impairment was 
apparent in individuals over the age of 30 (up to 
14 per cent in El Golaa) (Table ITD. Although 
most of this visual loss could be attributed to 
corneal scarring, a few persons were blind from 
other causes such as untreated glaucoma. In the 
industrialized countries of western Europe or the 
United States the percentage of ‘legally blind’ in 
the total population ranges from o:05 to 0:2 per cent 
(World Health Organization, 1966b). 


ACTIVE AND HEALED TRACHOMA 


In the classification of trachoma patients ‘active’ 
trachoma corresponds to MacCallan stages I, II, 
and III or with intensity gradings of severe, 
moderate, and mild (Dawson and others, 1974; 
World Health Organization, 1962). All patients 
with ‘active’ trachoma show signs of inflammation, 
particularly lymphoid follicles on the upper tarsal 
conjunctiva, and all patients with ‘inactive’ or 
‘healed’ trachoma show conjunctival scarring, 
characteristic corneal vascularization, or both. In 
surveys individuals without any of these signs are 
classified as ‘trachoma negative’ or stage o. 

The prevalence of trachoma in the two Tunisian 
villages showed that about half of the children in 
Chott were infected before age 2 and that the pre- 
valence of active disease declined steadily to age 15 
(Fig. 1). While all persons over 15 years of age in 
Chott had had trachoma in the past, only about 
8o per cent of those from 2 to 15 years had been 
affected, and in children under age 2 the prevalence 
of trachoma, both active and healed, was even lower. 


Table III Visual acuity in Chott and El Golaá 
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Chott El Golaá 
Percentage Percentage 
Age No. with visual = No. with visual 
tested loss* tested loss* 
6-9 225 — 271 O4 
10-14 252 o's 282 145 
15-20 3I% o3 278 iss 
zh30 Sit 79 662 14/0 


*Visual acuity 20/400 (10/200) or less 
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includes only inflammatory, infectious disease. Total 
trachoma includes all active and healed cases 


In contrast, half the children in El Golaà had 
active disease by the age of 3 months and all were 
infected by the age of 2 vears (Fig. 2). The percent- 
age of active disease then dechned up to age 15 
but was still z-10 per cent in the adult population. 


INTENSITY AND PREVALENCE OF CHLAMYDIA 

Severe and moderate cases of chlamydia were most 
prevalent in children under age 5 but had virtually 
disappeared by age 10 in Chott and by age 15 in 
El Golaà (Figs 3 and 4). Thus the bulk of active, 
infectious cases occurred in the population. under 
13 years of age. The disproportionatelv large 
number of residents under the age of r4 was 
owing to recently reduced rates of infant mortality 
and to the emigration of adult men seeking em- 
plovment elsewhere. The prevalence of trachoma 
agent paralleled the clinical intensity of the disease. 
Trachoma agent was detectable in 56 per cent of 
severe cases, in 20 per cent of moderate cases, 
and in 4 per cent of mild cases (Table IV). The 
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moderate cases of active trachoma in each cohort 


severe and moderate cases were therefore more 
likely to serve as sources of infection for other 
members of the community. 

In a series of chemotherapy trials carried out in 
a village near El Golaáà chemotherapy only tem- 
poranly suppressed the inflammatory disease in 
6- to g-year-olds (Dawson and others, 1974; 
Dawson and others, 1975). In treated patients, 
however, there was a four to tenfold decrease in 
the prevalence of chlamydia-positive smears in the 
various intensity groups (Table IV). 'Thus anti- 
biotic treatment may reduce the transmission of 
the agent more than would be expected from its 
clinical efficacy. 


DISABLING LESIONS 


Active trachomatous inflammation of the conjunc- 
tiva may progress to irreversible conjunctival and 
corneal scarring that threatens blindness and to 
corneal scarring that actually causes visual loss 
(Fig. 5). Conjunctival cicatrization first manifests 
itself as linear scars (Fig. 6), but in severe cases the 
lid margins become distorted and abrade the eve- 
ball and cornea either with individual cilia (tri- 
chiasis) or by the whole inturned lid margin 
(entropion) (Fig. 7). The cornea, which in agricul- 
tural communities is already often exposed to 
minor trauma and foreign bodies, may thus be 
subjected to constant abrasion by the inturning 
eyelashes, Diffuse scarring of the conjunctiva 
also reduces the aqueous and mucous components 
of the tears and in this wav produces a relatively 
‘dry eye’. Without an adequate protective tear 
film minor corneal abrasions may easily become 
infected and lead to corneal ulceration, scarring, 
and loss of vision (Fig. 7). 

In this study trichiasis or entropion, or both, 
and the severest grade of conjunctival scarring 
were considered to be potentially disabling, and 
severe central corneal scarring (grade 3) was 
considered to be actually disabling. Severe corneal 
scarring rarely occurred in the absence of trichiasis/ 
entropion or severe conjunctival scarring. The 
presence of potentially or actually disabling lesions 
increased sharply at 20 vears of age in both villages 
(Fig. 8). In Chott there was a slight increase in 
potential disability at age 45 and an increase in 
actual disability at age 40. In El Golaa potentially 
disabling lesions appeared in some s- to ro-vear- 
olds, increased in incidence up to age 30, and 
affected 35 per cent to 45 per cent of the population 
after age 30. Severe corneal scarring occurred early 
in El Golaà, affecting a significant proportion of 
persons by age 25 and increasing dramatically 


Table IV Trachoma intensity and prevalence of 
agent before and after chemotherapy 
MAMMMHAMIRNPUIRRIPEEIRIALOUDL O N STA: AMMIAN AAACN. 


Giemsa and or FA positive 


After treatment* 


Intensity 9 -————À—— MM M 
No. positive: Percent No. positive’ Percent 
No. tested positive No. tested positive 
Severe 53.94 56 10.49 20* 
Moderate 44 220 20 ]X-297 or 
Mild; 
inactive 2/47 d ! 120 I 


ALT NENT ALON AT TERS GAB UAM HATH SPUEEB-LUBALRLANDUAUAPAARRLUIE EARRA 
*Prevalence of agent and intensity of disease significantly lower in 
antibiotic-treated groups (P «o o1) 

* Wirth topical tetracycline or rifampicin 


over age 50, although the overall rate of potential 
and actual disability did not change (Fig. 8). 
Although the incidence of disabling lesions 
increased to age 35 in both villages, acute inflam- 
matory disease almost disappeared by age 15 
(Figs 3 and 4). Since scarring is undoubtedly a 
direct result of the inflammatory process this 
apparent 10- to 20-vear lag was probably attri- 
butable to a low but persistent rate of inflammatory 
disease in adult life, leading to an accumulation of 
disabling lesions, or to a shrinking of conjunctival 


scars produced in childhood, with resultant 


occurrences of trichiasis or entropion years after 
the healing of the inflammatory disease. 

The accumulation of corneal scars in still older 
adults may reflect cumulative corneal damage from 
trichiasis entropion, foreign bodies, and bacterial 
infections, probably worsened in advancing age by 
loss of tears and trachomatous scarring. 





FIG. 5 Conjunctiva of everted upper eyelid with severe 
intensity trachoma in 6-year-old child. One linear 

scar can be seen but papillary infiltration obscures 
hlood vessels and follicles 





4 
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FIG. 6 Same eye as Fig. s after three weeks’ treatment 
with topical tetracycline, Inflammation has subsided 
revealing scarring severe enough to threaten visual acuity 
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FIG. 8 Prevalence in El Golad of severe and moderat 
trachoma and of visually disabling or potentially disabling 
lesions in the better eye of each individual. Bulk of 

active disease occurs before age 15 but prevalence oj 
disabling complications increases to age 25. Increasi 

severe corneal scarring appears at age 50 


CHANGES IN INTENSITY AND DISABLING LESIONS, 
1969-72 

Since most of the inflammatory disease was in 
children under ro years of age the distribution of 
trachoma intensity in this age group was evaluated 
in population subsamples (Fig. 9). In both villages 
there were initially more active cases in the sub- 
samples than in the entire population, a result of 
selecting for the subsamples only families with a 
trachomatous child. When children 
under 10 in these same families were re-examined 
in 1972 the situation in El Golaa had remained 
virtually unchanged. Despite the subsample bias 
towards disease activitv the overall intensity of the 
disease had dramatically in Chott 
During this period the construction of an electri 


preschool 


decreased 
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FIG. 9 Active trachoma in a selected subsample of 
children under 10 years of age in each village in 1969 
and 1972 
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generating plant and chemical fertilizer plant 
immediately adjacent to Chott had led to a marked 
economic improvement in the village. 

Conjunctival inflammation tended to mask the 
conjunctival scarring (Figs 5 and 6). Thus an 
apparent increase in scarring in Chott, or example, 
may have been due in part to the ‘unmasking 
effect’ of the decrease in inflammation. There was 
no suggestion that scarring in itself was necessary 
for healing. 


BACTERIAL PATHOGENS 


In both villages seasonal epidemics of purulent 
conjunctivitis started in early summer and reached a 
peak in late October. As reported elsewhere (Vastine 
and others, 19744, 1974b), the epidemic disease, which 
was always more severe and widespread in El Golaa, 
was associated with Haemophilus sp., pneumococci, 
Moraxella sp., and Staphylococcus aureus but not 
with Streptococcus viridans or diphtheroids. Such 
seasonal epidemics of purulent conjunctivitis are 
commonly associated with endemic trachoma, and 
in some regions with Neisseria infection as well 
(Maxwell-Lyons and Amies, 1949). In Tunisia 
we have found Neisseria sp. in only a few cases, 
however, despite special efforts to recover them on 
special bacteriological media (Vastine and others, 
19742, 1974b). From other studies we have 
learned that the ocular bacterial pathogens are 
eliminated by ro or 12 days’ antibiotic treatment, 
but that the 'non-pathogens' persist (Vastine 
and others, 1974a; Dawson and others, 1975). 


LIVING STANDARDS AND INTENSITY AND GRAVITY OF 
TRACHOMA 


It has been known that the poorer the community 
the more severe is the trachoma. The environmental 
influences that bring this about have not been 
clearly identified, although lack of water, which so 


often characterizes desert populations, is often 
incriminated. In the hope of identifying the most 
important factors we compared the intensity and 
complications of trachoma in El Gola (the most 
severely affected village) with crowding, type of 
housing, water supply, and the presence of children 
under 5 years of age. 

In children up to age 9 and in adults over 30 
there was a suggestive association (probability 
between 5 and ro per cent) of trachoma and 
crowding (three or more persons per room). In 
people over 15 years of age the type of housing 
(single family dwelling, multiple family dwelling, 
or tent) was significantly associated (probability 
less than 5 per cent) with the presence of poten- 
tially disabling lesions. The presence of children 
under age 5 in the household had a suggestive 
association with intensity in ro- to 14-year-olds 
(who often tend their younger siblings) and a 
significant association with complications in 15- to 
29-year-olds. The water supply (public fountain or 
spring) had a suggestive association with disease 
intensity only in children under age 5, but it also 
had a suggestive association with complications in 
6- to 14-year-olds and a significant association in 
adults over 30. 

Thus no single factor was clearly associated with 
disease intensity, although crowding and the 
water supply could have played some role. The 
high correlation of the disabling lesions of trachoma 
with poor housing and an inadequate water supply 
suggests that the most severely affected individuals 
are probably the poorest members of the community. 


CONTROL MEASURES 


The major efforts currently under way for the 
control of trachoma consist of, first, a mass anti- 
biotic therapy programme among schoolchildren 
in the first and third school years. In endemic 
areas, like Chott and El Golaa, two applications 
of chlortetracycline ointment are made daily for 
five consecutive days each month from January to 
June. Secondly, a three-day conjunctivitis control 
programme (‘anti-Mrad’) each October when an 
effort is made to treat all the children in the country 
with chlortetracycline ointment. 

In a series of controlled therapeutic trials 
reported elsewhere (Dawson and others, 1974; 
Vastine and others, 19742) treatment was given to 
primary schoolchildren and the clinical and micro- 
biological findings were evaluated. When compared 
with treatment with boric acid ointment, topical 
applications of tetracycline, chlortetracycline, ery- 
thromycin, and rifampicin all resulted in a suppres- 
sion of clinical intensity and detectable trachoma 
agent. Within four months of completing treatment, 
however, there were no clinical differences in 


antibiotic- and boric-acid-treated children. On 
the other hand, the prevalence of detectable 
trachoma agent was less than would have been 
expected in disease of such intensity (Table IV). 
Thus, while the effect of treatment on the clinical 
course of the individual case was apparently 
transitory, antibiotic therapy reduced the preva- 
lence of demonstrable agent and thus probablv the 
transmission of the disease in the community. 


Discussion 


In these studies the intensity of trachoma in any 
one individual tended to remain relatively stable. 
The degree of intensity might be expressed as a 
stochastic process determined not only by microbial 
pathogens but also by environmental and host 
factors (Fig. 10). The pathogens include both the 
chlamydia and the ocular bacterial pathogens. 
Although we could not identify with certainty the 
environmental features of importance, the presence 
of young children in the household, crowding, 
and the unavailability of water for household use 
appeared to play a role. The overall economic level 
of the community was apparently also important. 
The single most important host factor was age, 
almost all of the active disease occurring in children 
under the age of Io years. 

The disabling complications of trachoma are the 
result of scarring brought about by active inflam- 
mation. In this study it appeared that only patients 
with disease of severe or moderate intensity for 
considerable lengths of time developed the severe 
scarring that leads to visual loss. 

In a population with severe endemic trachoma 
the risk of acquiring the disease and of developing 
its disabling complications are presented schema- 
tically in Fig. 11. In El Golaà 75 per cent of the 
children developed trachoma of severe or moderate 
intensity between birth and 9 years of age. Of 
these, two-thirds (or 5o per cent of the total number 
of adults) developed potentialy disabling lesions, 
and in one-half of these (or 25 per cent of the total) 
severe corneal scarring and visual loss supervened. 
The pattern of active inflammatory trachoma and 
visual disability in these two Tunisian villages is 
probably typical of other undeveloped areas where 
the disease is still endemic. With economic de- 
velopment the prevalence of active trachoma of 
severe and moderate intensity declines (as in Chott) 
and few if any cases develop potentially blinding 
lesions. In the absence of economic improvement, 
however, the children with severe or moderate 
disease develop sufficient scarring by age 15 to make 
blindness an inevitable consequence for at least 
some of them. 

Since the number of children surviving to 
adulthood is now much greater than in the past 
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leading to blindness from trachoma in El Golaa. 
Percentages in each box indicate propertion of children 
with active disease and of adults with complications, 
Numbers over arrows indicate probability af 
individuals in one category passing to next category 
indicated by arrow 


the need for medical services for the correctable 
problems (for example, surgery for trichiasis) will 
grow correspondinglv, and any success in con- 
trolling childhood trachoma now will ease the 
demand for medical care and rehabilitation of the 
blind only 10~20 vears from now. As time goes on, 
the visually disabled in endemic communities will 
add immeasurably to the medical, economic, and 
social burden of affected countries, and for this 
reason these communities should be the focus of 
public health programmes for trachoma control, 
Since the resources for trachoma control in affected 
countries are limited control efforts should be 
concentrated in the regions where the disease is 
most widespread and has the highest prevalence of 
severe or moderate cases. 

Although the present forms of local chemotherapy 
produce only limited clinical results they seem to 
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have some generally beneficial effects. Systemic 
chemotherapy on a mass scale (as practised else- 
where) might be more effective but would carry 
unacceptable risks (drug reactions, increase in 
incidence of drug-resistant intestinal pathogens) 
in a population that could not be followed ade- 
quately (Hoshiwara, Ostler, Hanna, Cignetti, 
Coleman, and Jawetz, 1973). While newer methods 
of drug delivery to the eye such as the Ocusert 
device (Richardson, 1975) may result in a dramatic 
breakthrough in treating the active disease, the 
administrative framework of the control programme 
should also be improved so that preschool children 
could be treated and the efficacy of the control 
measures could be assessed regularly. 

Economic development seems to offer the ulti- 
mate solution to preventing blindness from 
trachoma. While the many young adults who 
emigrate from endemic regions present little risk 
of infecting others in urban settings the uncon- 
trolled inflammatory disease among children in 
affected villages will continue to produce scarring 
and eventual visual loss. Blindness from trachoma 
can be prevented only by controlling the disease 
in these severely affected rural areas. Even with 
the improved methods of antibiotic delivery now 
available much would be gained by concentrating 
resources on heavily affected communities and by 
utilizing medical assistants to the greatest possible 
extent. 


Summary 

In two villages in southern Tunisia where trachoma 
was endemic 7 per cent and I4 per cent of adults 
respectively had visual acuity of 20/400 or less. In 
both villages active trachoma affected most children 
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Surgical correction of trachomatous cicatricial entropion 


J]. H. SANDFORD-SMITH* 
From the Christian Hospital, Quetta, Pakistan 


The correction of trachomatous entropion and 
trichiasis has been practised since antiquity, and 
the ophthalmic literature from its earliest days has 
described methods for dealing with the condition. 
(A helpful review of the more established surgical 
procedures has been given by Fox (1970).) 

The simplest operation is not always the best, 
but in areas of hyperendemic trachoma there is 
great pressure on limited medical resources and it 
may be necessary to delegate routine entropion 
surgery to paramedical assistants. Also the normal 
anatomical planes may be hard to identify in a 
very scarred and contracted lid; therefore, simplicity 
of technique 1s important. 

The numerous procedures for the correction of 
cicatricial entropion are usually based on one of 
three original methods: 

1. A skin approach with wedge resection of the 
tarsal plate but preserving the conjunctiva 
(Streatheld, 1859). 

2. A conjunctival approach with preservation of 
the skin (Ewing, 1903; Laglevze, 1905). 

3. The insertion of a graft in the lid margin 
(Van Millingen, 1887). 

It was not until 1955 that Wies suggested the 
possibility of a ‘through-and-through’ lid incision 
involving both skin and conjunctiva (Wies, 1955), 
a technique that had been used since antiquity but 
later neglected. The operation Wies described was 
for ‘spastic’ entropion of the lower lid, but it has 
also been recommended, sometimes with modifi- 
cations, for cicatricial entropion of either lid 
(Ballen, 1964; King and Wadsworth, 1970; 
Beyer and Carroll, 1973). 

Wies's technique has several advantages in the 
correction of trachomatous entropion. It is easy to 
perform and to teach, and no tissue is excised or 
grafted. The anterior approach is more convenient 
in lid surgery and as the tarsal plate and conjunctiva 
(the deforming structures) are incised the deformity 
is corrected and the lid margin free to rotate to 
any required position. The operation here des- 
cribed is basically that of Wies with some modifica- 
tions to make it more suitable for cicatricial entro- 
pion of the upper lid. 


Present address and requests for reprints: The Guinness Eye Clinic, 
Kaduna, Nigeria 


Operative technique 


After infiltration with local anaesthetic and adrenaline 
and topical anaesthetic drops te the conjunctiva, a 
spatulate lid guard is positioned to protect the eve and 
stretch the upper lid taut. (If only the central segment 
of the lid margin is affected a lid clamp may be used to 
ensure a bloodless field but it may prevent access to the 
medial and lateral margins of the lid.) The skin incision 
is made 4 mm from the lid margin and deepened 
through the orbicularis muscle to the tarsal plate. With 
blunt dissection the marginal orbicularis fibres and roots 
of the eyelashes are separated from the anterior surface 
of the tarsal plate so that this can be incised much 
nearer the lid margin and, if possible, slightly obliquely. 
'The tarsal plate should be entered on its anterior surface 
as near to the lid margin as possible without in any way 
damaging the lash roots (in practice about 2:3 mm from 
the lid margin), and the conjunctiva pierced about 1-5 
mm from the lid margin (Fig. 1). 

This is the main difference from the technique of 
Wies. Incising the tarsal plate nearer the lid margin 
produces a better eversion of the marginal fragment 
bearing the lashes and also less deformity or shortening 
of the upper lid. Keeping the skin-muscle incision far 
from the lid margin safeguards the lash roots and the 
marginal blood supply. Three to four mattress sutures 
are then placed through the skin of the marginal frag- 
ment just above the lash line, into the substance of the 
tarsal plate about 2 mm above its cut edge, and back 
through the skin of the marginal fragment (Fig. 2). 

The sutures are tied with only moderate tension and 
thus not requiring any rubber pegs or other method ot 
fixation. The eversion is ensured because the conjunc- 
tiva and tarsal plate have been incised and the lid margin 
is therefore able to rotate freely. Should increased 
eversion be required the sutures need not be tied anv 
tighter but the mattress suture should be placed higher 
up in the tarsal plate, thus increasing the angle of 
rotation. A reverse adjustment of the mattress suture 
will decrease the amount of eversion. This is a useful 
way of straightening the irregular trichiasis, which often 
occurs in trachoma, because some parts of the lid may 
require more correction than others, A considerable 
immediate postoperative over-correction is best aimed 
for because subsequent scar contracture svill cause some 
inversion of the lid margin. Interrupted edge-to-edge 
skin sutures are then placed between the mattress 
sutures to close the wound. 

After the operation the eye is padded for one day and 
antibiotic ointment applied daily. The skin wound 
usually heals in about six days, when the skin sutures 
mav be removed, and the tarsoconjunctival wound in 
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FIG. Iı Longitudinal 
section of eyelid showing 
plane of incision 





about 12 days, when the mattress sutures may be 
removed. All the sutures may be removed at the later 
date in patients who live far away and have difficulty in 
making a return visit, or absorbable sutures may be 
used in such cases. 


Results and discussion 


‘The operation described has now been carried out 
several hundred times in various situations where 
trachoma is endemic—in a rural eye ‘camp’ and 
in a district hospital in Pakistan, and a university 
hospital in Nigeria. Because any systematic follow- 
up of the patients was impossible a report of the 
results is bound to be only in the form of a clinical 
impression. 


COMPLICATIONS 


Under-correction or recurrence seemed to result 
from several factors. First, if the conjunctival 
incision was not complete a small tag of uncut 
conjunctiva might remain and prevent easy rotation 
of the lid margin. Secondly, it was important to 
make sure that the incision extended along the 
whole length of the affected part of the lid or else 
only the central portion would be adequately 
corrected. Thirdly, as already noted, postoperative 


wound contracture meant that an immediate 
over-correction was desirable. With experience 
and an awareness of these factors the incidence of 
under-correction and recurrence became negligible. 

Because of the severe distichiasis associated with 
trachoma the position of many of the lashes had 


' often to be over-corrected in order to straighten 


the most inverted. So long as the over-correction 
involved only the lashes and lid margin and not 
the substance of the lid the final appearance was 
cosmetically acceptable. By placing the tarso- 
conjunctival incision as near as possible to the lid 
margin unsightly buckling and eversion of the 
substance of the lid was much less noticeable. 

Granuloma formation occurred occasionally from 
the conjunctival wound but was easily excised with 
scissors without subsequent problems. 

Bleeding at operation was often quite brisk 
from the marginal lid artery, which could be 
either ligated or included in one of the mattress 
sutures. In three cases there was quite a brisk 
secondary haemorrhage which was stopped by 
applying a firm pad and bandage. 

No ischaemia of the lid margin or significant 
wound infection were observed, although most 
patients had considerable chronic conjunctivitis. 
Cicatricial entropion of the lower lid was less 
common than in the upper and usually less severe. 
However, it should be noted that over-correction is 





FIG. 2 Lid in corrected 
position and plane of 
mattress sutures 


more easily produced in the lower lid, presumably 
because 1t is less rigid. 


Summary 
A modified version of Wies's operation for the 
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Droplet degeneration of the cornea in North Cameroon 


Prevalence and clinical appearances 


JOHN ANDERSON anb HARALD FUGLSANG 
Medical Research Council Grantholders, PO Box 55, Kumba, 


SW Province, United Cameroon Republic 


A corneal degeneration characterized by the 
presence of superficial hyaline deposits, which 
clinically resemble oil droplets, has been des- 
cribed under many different terms (Freedman, 
19738; Fraunfelder and Hanna, 1973). It has 
been reported from many areas, including Canada 
(Freedman, 1965; Wyatt, 1973; Young and 
Finlay, 1975), the USA (Fraunfelder, Hanna, and 
Parker, 1972; Fraunfelder and Hanna, 1973), 
Europe (Young and Finlay, 1975), Australia 
(Freedman, 19738), South Africa (Etzine and 
Kaufmann, 1964; Freedman, 197323), and SW 
Africa (Freedman, 1973b). Particularly severe 
changes have been described in Somalia (Barto- 
lucci, 1933; Falcone, 1954; Frétillére, Védy, and 
Chovet, 1967), Eritrea and Saudi Arabia (Bietti, 
Guerra, and Ferraris de Gaspare, 1955), Red 
Sea islands (Zanettin, 1937; Rodger, 1973), North 
Africa (Gandolfi, 1962), and Iran (Barrie Jones, 
personal communication). Most of these studies 
have been of selected cases, and the prevalence of 
the condition in a population is unknown. 

The prevalence of droplet degeneration in 517 
persons aged 10 years and more among defined 
populations in five villages in the Sudan-savanna 
belt of north Cameroon is reported in this paper. 
The clinical appearances are described and com- 
pared with those reported elsewhere. 


Materials and methods 


The five villages were situated on the plain stretching 
eastwards from Nigeria towards Chad, on both sides 
of the N’gaoundéré—-Garoua road, at a latitude of 
about 8&°N. The main occupation of villagers of both 
sexes was subsistence farming, which involved long 
periods outdoors. The women were not veiled. In 
addition, the men engaged in hunting and fishing. The 
climate of north Cameroon is typical of the Sudan- 
savanna belt of West Africa. There is a dry season which 
lasts about eight months, during which the day tem- 
perature reaches very high levels, and a shorter wet 


‘This study was supported by the Medical Research Council 


Address for reprints: 54 Hornton Street, London W8 4N'T 


season of intermittent heavy storms. Throughout much 
of the year the sky is clear, although in January and 
February there is often dust in the atmosphere blown 
down from the Sahara. Very high wind gusts can occur 
in the dry season, producing rotating columns of dust 
and sand. 

The villages (Gorheck, Koumban, Lingerba, Naari, 
and Ndiki) were all included in an onchocerciasis 
survey in 1971—72 (Anderson, Fuglsang, Hamilton, and 
Marshall, 1974), during which the total populations 
aged five years and over were examined. 'lhe present 
paper is concerned with a re-examination made in 
January-February 1975, when all persons aged 10 
years and over from the original population were 
studied. 

Ocular examination was carried out in a darkened hut, 
using a Haag-Streit goo slit lamp. Vision was tested 
using an illiterate E-chart, and blindness was defined as 
‘the inability to count fingers accurately at 3 m with the 
better eye’. The findings for each patient were recorded 
on individual record charts and sketches were made 
of the corneal changes. 


Results 
PREVALENCE 


The prevalence and pattern of corneal droplet 
degeneration were similar in all the villages, and 
the results are therefore combined. Table I shows 


Table Y Prevalence of droplet degeneration of the 
cornea, by age and sex 





Males Females Total 
Age No. Preva- No. Preva- No. Preva- 
seen lence seen lence seen lence 
(per cent) (per cent) (per cent) 
10-19 7% o 64 o 140 0 
20-29 61 33 84 r2 I45 2I 
30-39 46 217 48 1-5 94 170 
40-49 34 441 33 364 67 403 
> 50 46 652 25 520 71 6o6 


EE st | ET: e 


the age and sex distribution of the population 
examined together with the prevalence of droplet 
degeneration (all degrees). Corneal changes of 
other aetiology, mainly onchocerciasis, prevented 
an assessment of droplet degeneration in 23 
persons, 15 males and eight females, but these 
cases were not excluded from the analysis. The 
condition was not found in those aged under 
20 years, but thereafter in both sexes there was a 
steady increase with age. The prevalence was 
greater in men than women at all ages, but the 
difference was smaller in the older age groups, 
More than 50 per cent of men and women aged 
30 years and over showed the condition. 


CLINICAL APPEARANCES 


The clinical appearances among the 89 cases were 
varied, but in general the changes in anv individual 
were similar in the two eves. It was possible to 
separate the changes into mild and severe. 


Mild 


The mildest change consisted of an exceedingly 
fine granularity or stippling in Bowman's zone, 
visible onlv by retroillumination. It was as if the 
portion of cornea was very slightly steamed up, like 
breath on cold glass (Fig. 1). This change was 
present in 75 cases (58 per cent), and was the only 
detectable one in zo cases. Colourless ‘droplets’, 
of a size usually less than vı mm and again only 
visible by retroillmination, were seen in 69 
patients (75 per cent), and were the only recorded 
change in 11 of them. Mild granularity and drop- 
lets were present together in 58 cases (65 per cent) 
(Fig. 1). One or more regular, and usually circular 
or oval, clear spaces (lacunae) were present in the 
granular or stippled areas in 16 patients (Fig. 1). 
They seldom exceeded 1 mm in diameter and were 
usually considerably smaller. 

These mild changes alone were present in So 
patients (go per cent), and they were bilateral in 
56 of them (70 per cent). They were confined to 
the peripheral 13-2 mm of cornea in 77 cases, 
with the following distribution: 


Cases Percentage 
"Temporal alone 30 39 
Nasal alone 10 13 
Temporal and nasal 37 45 

7 100 


Thus the temporal cornea was affected in a total 
Of 67 cases (87 per cent), and the nasal in 47 (61 
per cent). In two patients mild changes were also 
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present in the intermediate corneal zone (Fig. 4), 
and in one the central area was involved (Fig. 3). 
None of these lesions stained with fluorescein. 

In about half the cases described above there was 
an area of clear cornea of variable extent between 
the lesion and the limbus. The corneal edge of these 
clear areas was sometimes highly contoured (Fig. 1), 
as described by Freedman (1968). In a few eves 
the clear periphery was connected to a lacuna 
within the lesion, and occasionally the lesion was 
bisected by clear cornea (Fig. 2). In the rest the 
lesions seemed to extend right up to the limbus. 

Central vision was reduced in ro persons with 
mild lesions, but in onlv one of them, who showed 
central corneal changes, could droplet degeneration 
be implicated. He was a man of about 70 vears, in 
whom bilateral cataracts were mainly responsible 
for the reduction of vision to counting fingers at 
1 m with one eve and at 3 m with the other. The 
main cause of reduced vision in the other nine 
patients was iritis (1), cataract (5), dislocation of the 
lens (1), and optic atrophy (2). 


Severe 


Only nine patients showed changes other than 
granularity and formation of small droplets. They 
were not a uniform group, although all showed areas 
of granularity and/or droplets and all but one showed 
changes in both eves. These are summarized in 
Table II, which shows that only one was a female 
and that most of them were aged 60 vears or more. 
The two cases in which large protruding vellow 
nodules were visible were both elderly men with 
soft degenerating eves. Fig. s represents the lett 
cornea of the 84-year-old man, whose right cornea 
is shown in Fig. 4. 


OTHER CONDITIONS 


The prevalence of onchocerciasis in persons aged 
five years and over ranged from 85 to 94 per cent 
in the villages studied (Anderson and others, 1974). 
Among the 8g cases with droplet degeneration 
microfilariae of Onchocerca volvulus were seen in the 
cornea in 39 (44 per cent) and in the anterior 
chamber in 34 (38 per cent). 

Ptervgia were present in 16 out of the 232 villagers 
valence was the same in cases with or without 
droplet degeneration. 


Discussion 

Most authors (Falcone, 1954; Bietti and others, 
1955; Freedman, 1965; Frétllere and others, 
1967; Wyatt, 1973) have emphasized the prepon- 
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Table IL Age, sex, visual acuity, corneal involvement, and other associated ocular lesions im nine cases 


with severe corneal changes 


enn vem i i Sn 7 PO M D ccc M cf 








Visual . 
Age Sex acuity Lesion Other lesions 
84 Male R CF3 Fine granularity and droplets almost to centre, wide clear Cataract 
areas nasal and inferotemporal 
L CFi Central cornea totally opaque, white, with lacuna, Scattered Cataract 
granularity and droplets Nasal pterygium 
66 Male R 6/6 Nasal and temporal droplets. White opacity at centre, like i 
ground glass 
L 6/6 As R, but large lacuna within central opacity Nil 
43 Male R 6/6 Temporal granularity and droplets. 2 isolated white ribbon- Nil 
shaped opacities in band area 
L 6/6 Cornea clear Nil 
46 Male R 6/9 Temporal granularity with lacunae. Extensive faint opacity Nil 
in band area 
L 6/24 As R but with raised white plaque in nasal band Nil 
79 Female R PL Nasal and temporal band opacities separated from limbus, Cataract 
inner borders of bands granular. Centre of cornea clear 
L CF: Temporal band with related droplets, nasal granularity with Cataract 
droplets. Central opacity with lacuna 
36 Male R 6/9 Faint band. Temporal cornea clear and slightly depressed, Flare and 
very clear inner edge bordered by white opacity. Nasal choroidoretinitis 
cornea similar. Scattered droplets 
L 6[24 Nasal and temporal cornea as R. Band area clear AsR 
74 Male R PL Nasal and temporal plaques, ? calcified. Nasal droplets. Seclusio pupillae 
Smali central opacity 
L PL As R, but very large central opacity. Stromal vessels below Seclusio pupillae 
74. Male R NPL Soft, folds in Descemet's membrane. Central mass of Solid flare 
protruding yellow nodules with surrounding droplets 
L NPL _ Soft, folds in Descemet's membrane. Cornea thin, no Solid flare 
nodules. Large white plaques nasally. Superficial nasal 
vessls 
60 Male R NPL Soft, folds in Descemet’s membrane. White band-shaped Seclusio pupillae 
opacity with lacunae. Large raised yellow nodule nasally 
L NPL _ Soft, folds in Descemet's membrane. Dense band-shaped Pseudohypopyon 


opacity with irregular surface of white plaques. Scattered 


droplets. Stromal vessels below 





derance of droplet degeneration among males, 
though Rodger (1973) found changes in 42 per 
cent of the females he examined in the Red Sea 
islands and Freedman (1973b) found the degenera- 
tion equally in males and females. Fraunfelder and 
Henna (1973) found droplet degeneration three 
times more often in males than females, while 
Young and Finlay (1975) found changes in 64 
per cent of men aged 40 and over and in only 19 
per cent of women of similar age. The present 
study suggests that in some communities mild 
changes occur almost equally in males and females 
but that severer grades are commoner in males. It 
also underlines the high prevalence of droplet and 
associated changes in an unselected population. 


Its previous non-recognition throughout much of ` 


the world no doubt stems partly from its not having 
been sought, but partly aleo because the subtle 
changes are recognizable at examination only by 


retroillumination with a good quality slit lamp. 
It 1s notable that in three separate reports of the 
nodular dystrophy described by Bietti (Falcone, 
1954; Bietti and others, 1955; Rodger, 1973) 
severe cases were seen in children under 15 years 
of age and that the youngest case seen by Frétillére 
and others (1967) in Somalia was only 16. These 
ages are in sharp contrast to reports of corneal 
droplet degeneration from various parts of the 
world, in which the youngest ages of onset, even of 
mild cases, were 31 (Freedman, 1965), 46 (Fraun- 
felder and others, 1972), between 31 and 40 
(Fraunfelder and Hanna, 1973), 35 (Freedman, 
1973b), and between 30 and 39 years (Young 
and Finlay, 1975). In the present Cameroon 
study very early changes were seen in a 25-year-old 
man and in a 26-year-old woman. This striking 
difference in age incidence may suggest that the 
two conditions are essentially different. However, 
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FIGS 1-5 Different degrees of droplet degeneration ranging from very mild peripheral (Figs x and 2) to more severe 
central changes (Fig. 5). (Areas of granularity with scattered droplets in all lesions, with dense central opacity as well as 


a pterygium in one (Fig. |5) 
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the histopathology of the lesions is the same in 
both (Freedman, 1973a; Garner, Morgan, and 
Tripathi, 1973), and possibly aetiological factors 
such as climate, nutritional status, occupation, and 
coexisting ocular disease govern the age of. onset 
and subsequent clinical picture. 

The finding of bilateral changes in 65 out of the 
89 cases (73 per cent) is in agreement with most 
previous workers (Bietti and others, 1955; Freed- 
man, I965), but the secondary corneal type of 
Fraunfelder and Hanna (1973) was more often 
unilateral. In the series of 144 cases reported by 
Frétillére and others (1967) rather more than half 
were unilateral. Falcone (1954) emphasized that 
the lesions 1n Somalia nearly always appeared first 
on the temporal side of the cornea, and he included 
this as a factor in support of the aetiological role 
of sunlight in their development. In Labrador, 
however, Freedman (1965) implied that the nasal 
limbus was involved as often as the temporal, and 
his findings were supported by those of Fraun- 
felder. and others (1972), Freedman (1973b), and 
Young and Finlay (1975). The present study also 
supports the findings of these last workers. 

Droplet, or spheroidal, keratopathy or degenera- 
tion has been differently graded and classified by 
different workers. Freedman (1965, 19732) dis- 
tinguished peripheral from central involvement, 
and further subdivided the latter according to 
visual standard. Fraunfelder and others (1972) and 
Fraunfelder and Hanna (1973) distinguished be- 
tween corneal and conjunctival degeneration, and 
subdivided the former into primary and secondary. 
The primary degeneration was located only in the 
periphery of the cornea, while the secondary was 
always, or almost always, associated with other 
ocular and, more specifically, corneal lesions. In 
the present study the finding that changes in the 
intermediate and central corneal zones were identi- 
cal and continuous with the early peripheral 
changes, even in eyes without other corneal lesions, 
suggests that a classification confining primary 
degeneration to the corneal periphery is unsatis- 
factory. Seemingly a classification based on visual 
acuity will also be unsatisfactory because of the 
possible reduction of acuity by causes other than 
droplet degeneration. In the present study, for 
example, nine or ro cases out of 80 with mild 
droplet degeneration had reduced visual acuity 
from other causes (mainly onchocerciasis). For 
these reasons it might be better to refer to the 
changes as mild when only granularity and/or 
droplets are seen and severe when more advanced 
changes are present, and to specify the distribution 
in both cases. 

Provided a good slit lamp is available and the 
examiner is searching for the condition there is no 


difficulty in diagnosing the slight and subtle changes 


of mild droplet degeneration of the cornea. How- 
ever, when the cornea is more extensively damaged 
problems of differential diagnosis arise. It may even 
be impossible in certain cases, unless they have 
been studied longitudinally, to arrive at a correct 
diagnosis. Isolated central corneal opacities, even 
when in the typical band position, need not be 
related to limbal areas of granularity and droplets. 
However, the severe central changes represented 
in Fig. 5 may reasonably be supposed to share the — 
same pathogenesis as the widespread mild changes 
in the fellow eye (Fig. 4). Notably, not one case in 
this series showed an ‘uncomplicated’ band 
opacity such as was described and illustrated by 
Bietti and others (1955) and Freedman (1965). 
Both cases in which frank yellow corneal nodules 
were present also showed vascularization of the 
cornea and damage to deeper ocular structures. 

The cases of mild droplet degeneration seen in 
the present series corresponded very closely with 
most of those described by Freedman (1965) in 
Labrador and by the same author (19732) in 
South Africa and Australia. The cases classed by 
Fraunfelder and others (1972) as primary spheroid 
degeneration of the cornea also seemed to corres- 
pond, although these authors described the spher- 
ules as having various shades of yellow to gold and 
they implied that the cornea between each spherule 
was initially clear. They made no reference to the 
typical fine granularity or to the clear area between 
the lesion and the limbus which were seen in 
Labrador and Cameroon. 

The descriptions of the early stages of the 
disease as recorded from East Africa, the Red 
Sea littoral, and Saudi Arabia are leas easy to 
follow and more difficult to correlate with our 
findings. Falcone (1954) referred to Bowman’s 
membrane as having a turbid, granular appearance, 
while Rodger (1973) used the descriptive term 
‘veil’ for the early changes. For Bietti and others 
(1955) the dystrophy was clearly distinguished 
from classical band-shaped degeneration by the 
fact that it began more or less in the centre of the 
cornea and always at a considerable distance from 
the limbus. However, they did not have the ad- 
vantage of a modern slit lamp, and therefore could 
not have seen the subtle peripheral changes. In 
one of their biopsy specimens they described tiny 
hyaline droplets in or just deep to Bowman's 
membrane, and probably this would have shown as 
granularity or stippling with a modern slit lamp 
at high magnification. 

There are few reports on the natural history of 
droplet degeneration, although Bietti and others 
(1955) described its development based on Guerra’s 
observations in Eritrea during eight years, and 


` Freedman (1965) mentioned changes in one case 


in Labrador after a year. Fraunfelder and others 


(1972) referred to a number of patients followed-up 
for more than three years. Most remained fairly 
stationary, and when they progressed there was a 
slow spread in a semicircular pattern adjacent to 
the limbus. The present paper does not attempt to 
describe the development of these lesions, but the 
changes of onchocerciasis were followed for four 
years and from the initial rough sketches of droplet 
degeneration it appears that changes had not been 
marked over this period. 

Most authors have invoked climatic factors in 
the pathogenesis of droplet degeneration. In this 
connexion the condition was also looked for in the 
rain-forest zone of Cameroon during a large-scale 
onchocerciasis survey of over 600 patients. In the 
rain forest the sky is overcast for much of the year 
and exposure to bright sunlight is much less than 
in the savanna of north Cameroon. There 1s also 
less dust and sand in the rain-forest atmosphere 
and nothing to compare with the dust storms and 
desiccation that occur in the north. Interestingly, 
therefore, only one or two mild cases of droplet 
degeneration were found among the elderly in the 
rain-forest. The corneal changes of onchocerciasis 
in Cameroon were also much more pronounced in 
the savanna than in the rain-forest, and the more 
severe grades of sclerosing keratitis were confined 
to the savanna (Anderson and others, 1974). Thus, 
by analogy with our findings on droplet degenera- 
tion, it seems that climate, and especially exposure 
to sunlight, should also be considered as one of 
the many factors that may contribute to the regional 
differences found in ocular onchocerciasis. 

Although the prevalence of onchocerciasis was 
high in cases of droplet degeneration it was 
equally high in cases without, and there was no 
correlation between the intensity of infection with 
O. volvulus and the prevalence and severity of 
droplet changes. 

In his study of droplet degeneration (Labrador 
keratophy) Wyatt (1973) found mild changes in 
28 out of 47 men aged 40 and over (60 per cent) in 
Labrador, while the same observer, presumably 
using the same examination and survey techniques, 
recognized it in only 21 out of 320 (7 per cent) 
men aged 4o and over in the Canadian north. The 
most severe grade was absent from the latter area, 
whereas it was seen in 9 of the 47 men examined in 
Labrador. An obvious difference between the two 
areas is in the amount of exposure to ultraviolet 
light, and more research is required on the effects of 
actinic radiation on the human cornea ( Klint- 
worth, 1972; Rodger, 1973). 

An association between droplet degeneration and 
pterygium and pinguecula has often been com- 
mented on, particularly with reference to patho- 
genesis. In the series of Bietti and others (1955) 
pterygium was rare, while in Labrador signs of 


Droplet degeneration of the cornea 261 


droplet degeneration were conspicuously absent in 
patients with active pterygium (Freedman, 1965). 
Rodger (1973) found pterygia twice as commonly 
in patients exhibiting Bietti’s dystrophy, and 
Young and Finlay (1975) found an association 
between droplets and pinguecula and pterygium. 
However, they failed to explain the higher pre- 
valence of pterygium on the nasal side compared 
with the equal nasal and temporal distribution of 
droplet degeneration. In the present study the 
finding that pterygium was equally common in 
persons with or without droplet degeneration 
supports the view that the two conditions, both com- 
moner in older persons, are not otherwise related. 

Globular hyaline deposits in the superficial 
stroma and epithelium of the cornea, which clini- 
cally resemble oil droplets, are often observed in 
association with other corneal disorders, such as 
post-traumatic scarring (Garner, 1969). The nature 
of their formation is still obscure (Hanna and 
Fraunfelder, 1972), as is their ultrastructure 
(Garner and others, 1973), and this has led to 
disagreements among clinicians and pathologists 
about the terminology which should be adopted 
(Fraunfelder and Hanna, 1973; Garner, 1959; 
Freedman, 1973a; Rodger, 1973). There is also 
difficulty in accepting under one heading ali the 
mild and severe changes hitherto described. ‘These 
difficulties will be resolved only by intensive 
epidemiological studies in different parts of the 
world. 


Summary 


The prevalence of droplet degeneration of the 
cornea in a defined population of 517 persons in 
north Cameroon was similar in males and fernales, 
but severe changes were commoner in elderly 
men. Most cases showed only mild changes of 
granularity and droplet formation in Bowman's 
zone, but they were sometimes widespread. More 
severe changes were seen in only nine patients. 
The clinical appearances are compared with those 
described from other parts of the world. In sup- 
port of the aetiological role of direct sunlight, 
droplet degeneration was much more prevalent in 
the savanna than in the rain-forest in Cameroon. 

The condition ranges in severity from very mild 
to very severe, but difficulties in. differential 
diagnosis, particularly in advanced cases, make it 
doubtful whether the same basic condition is being 
described in all cases. These doubts will be re- 
solved only by properly conducted epidemiological 
studies in different parts of the world. 


We thank Mr A. Freedman, Dr B. OQ. L. Duke, and 
Professor G. S. Nelson for helpful criticism of the 
manuscript, and Mr T. R. Tarrant for the preparation 


of the Figures. 
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Fitting contact lenses after keratoplasty 


R. DANIEL 


From Moorfields Eve Hospital, High Holborn, London 


The treatment of keratoconus parallels the pro- 
gression of the cone. At first spectacles may be 
satisfactorv, but as the cone worsens corneal and, 
later, scleral contact lenses are required to maintain 
satisfactory vision. In the advanced stage, when a 
contact lens can no longer be tolerated or an 
adequate visual acuity cannot be attained, kerato- 
plastv is indicated. Hopefullv, this is the final 
solution, but often it is not. Even when a clear 
corneal graft results the patient may still require 
spectacles or contact lenses to achieve reasonable 
vision. 

Usually the result of penetrating keratoplasty 
for keratoconus is favourable. Castroviejo (1966) 
stated that a transparent graft and functional 
improvement should be expected in go per cent 


of cases. In this paper the outcome in cases of 


keratoconus treated with penetrating keratoplasty 
at the contact lens department, Moorfields Eve 
Hospital, is reviewed. 


Patients and methods 


One hundred cases in which penetrating keratoplasty 
resulted in clear grafts were reviewed. Cases that had 
developed eye complications (10 per cent) and those 
that resulted in less than 6/18 vision were considered 
to be unsuccessful and were excluded from the study. 

The keratoplasties were of 7 mm diameter in three- 
quarters of the cases and of 8 mm diameter in the 
remainder. The smaller graft was preferred but was 
used only if the cone could be completely excised and 
the line of incision would not pass through the pupillary 
area. There was no significant difference in the corneal 
astigmatism resulting from a 7 mm graft than that 
from an 8 mm graft, and there was no significant 
difference in the final visual acuities. The surgical 
technique was similar in all cases except for the method 
of suturing with Perlon monofilament nylon, which was 
used as a continuous suture in some cases and as a 
continuous suture in conjunction with four interrupted 
sutures in others, Interrupted sutures were removed 
between one and three months after operation, depend- 
ing upon the amount of corneal vascularization and the 
patients’ comfort. Continuous sutures were not removed 
before three months after operation. 

All of the patients had worn contact lenses, mostly 
scleral lenses, before keratoplasty. The indication for a 
corneal graft was poor visual acuity (6/18 or less) in 
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40 per cent of cases and the inability to wear contact 
lenses owing to intolerance or insurmountable fitting 
problems in 60 per cent. Two-thirds of the patients 
were men and one-third were women. Contact lenses 
were fitted without hesitation after keratoplasty in cases 
that required them. 


Results 


The visual acuities attained in the 100 eves are shown 
in Fig. 1. These acuities were those achieved with 
the visual aid preferred by the patient-—spectacles, 
corneal contact lenses, scleral contact lenses, or 
no aid at all. Therefore they were not necessarily 
the best acuities attainable but were the best that 
the patients could accomplish for everyday use 
without undue discomfort. Forty-one patients 
preferred a corneal contact lens (Fig. 2). The types 
of lenses prescribed are shown in Table I. 

The visual acuities attained by the various aids 
are shown in Table H. 
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cases after Reratoplasty 
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Discussion 

Since most corneal grafts result in some corneal 
irregular astigmatism contact lenses are often re- 
quired for satisfactory vision. They are also useful 
in the early postoperative period as a protective 
membrane, to compress or mould low rigidity grafts, 
or to realign grafts. Since the graft may take several 
months to become as rigid as the normal cornea 
splinting or moulding can start when the sutures are 
removed. Scleral shells are best for this purpose 
and they can be retained until the curvatures of 
the graft are consistent with good acuity. This 
technique is restricted to selected cases as neovas- 
cularization commonly results owing to the often 
poor ventilation. The scleral shells are prepared 
from an impression of the anterior segment of the 
eye obtained by injection technique. Refitting is 
necessary as the keratoplasty changes its contour 
or the operative oedema resolves. This method is 
particularly suitable for grafts that are proud of 
the host cornea or when tilting is excessive. 

Soft contact lenses may be used for splinting, 
compression, or reducing ocular discomfort at an 
early stage, even before the sutures are removed. 
They can be worn constantly for several weeks 
without apparently affecting the nutrition or 


Table Y Types of corneal lens prescribed in 41 
cases after keratoplasty 





Type of lens No. of cases 
C,-toric periphery 2 
4 4 
C,-toric periphery 5 
I5 
C,-toric periphery 4 
Cy US 
C I 
Offset 8 
C,-bitoric 2 


-j 
9 
B, 
E 





Table H Visual acuities attained with various 
aids in 100 eyes after keratoplasty 





No. of eyes with visual acuity of 





Visual aid 

6/18 6/12 6/9 6/6 6/5 
Unaided — — I I — 
Glasses — 4 I3 9 5 
Corneal lens 4 7 II 14. 5 
Scleral lens a 6 9 5 2 
Soft lens — — 2 — "e 


respiration of the graft tissue. Several cases in this 
series were fitted with large, flat-fitting soft lenses 
(85 per cent water content) at the end of the graft 
operation. In a few cases soft lenses were fitted at a 
later stage to try to alleviate ocular discomfort and 
blepharospasm due to graft sutures. 

The final astigmatism and visual acuity were not 
noticeably better in cases of splinting with soft 
lenses. In some cases the soft lenses had to be 
removed prematurely owing to undue discomfort, 
and they did not substantially relieve blepharo- 
spasm or ocular discomfort from sutures or epithe- 
lial oedema. 

Contact lenses for optical reasons may be fitted 
at any time after the removal of sutures. Corneal 
lenses, in fact, may be satisfactorily fitted and be 
tolerated in the presence of continuous corneal 
suturing, although, of course, they should not be 
fitted until inflammation has resolved. Neovascu- 
larization in the host tissue is not a contraindication 
to fitting lenses. Corneal irregularity resulting from 
keratoplasty usually lessens during the few months 
after the removal of sutures. Therefore it is advanta- 
geous to await stable keratometry before fitting 
contact lenses. Corneal lenses should be tried first 
in all cases, but in general they are more satisfactory 
with large grafts or with smaller grafts when the 
alignment between graft and cornea is good. 
When alignment is poor or astigmatism is high a 
thin corneo-scleral lens may be necessary, but if 
there is gross irregularity of the cornea a scleral 
lens is probably required. A lens of fairly rigid 
soft material can be used when there is intolerance 
to hard material. Intolerance, however, is not 
usually a problem after keratoplasty as the eyes 
are less sensitive and also the patient is usually 
strongly motivated. 

Owing to the variety of the problems encoun- 
tered the procedure for fitting corneal lenses after 
keratoplasty must be flexible and imaginative 
(Ruben, 1975). The cases with a fair degree of 
astigmatism, and therefore the more difficult to fit, 
are usually those that require contact lenses. Other 
problems in addition to the astigmatism often make 
fitting difficult. These may include poor alignment 
of the graft, protrusion of the graft, roughness of 
the graft-host junction, neovascularization and 
patches of oedema, and dry spots. Fitting must 
be by trial and error, which, unfortunately, may 
prove tedious and many lenses with various base 
curves and diameters may need to be tried. Often 
the trial-set lens fits the irregular corneal contour 
so poorly that an initial lens with the required 
modifications of the peripheral curves has to be 
ordered as a further trial lens. 

In this series spherical lenses were fitted when 
possible regardless of the prevailing amount of 
astigmatism. A reasonable lens to start with is 


one with a base curve the same as the mean kera- 
tometry reading and of 9 mm overall diameter. All 
the lenses in this series were larger than the grafts. 
Lenses smaller than the grafts can be fitted but, 
owing to their small size, they are usually unstable 
and uncomfortable. Small lenses may also damage 
the graft-host junction, which is usually slightly 
raised. A larger lens rides with its edge outside 
the graft. The major problems in fitting lenses 
after keratoplasty are: difficulty in achieving 
stabilization in an acceptable position; difficulty 
in preventing the lid from flicking the lens out, 
especially with protuberant grafts; and the need 
to avoid problem areas. 

When fitting, the lens should stabilize between 
blinks to a position over the graft. The optimal 
position is where the lens edge is furthest from 
potential trouble spots, which include the graft- 
host junction and areas of neovascularization, 
marked irregularity, oedema and scars around 
suture tracts, and chronic punctate staining. 
Obviously, compromises must be made to achieve 
the best fit and at the same time to avoid the 
trouble spots. In trying to stabilize the lens the 
usual basic principles apply, such as that steepening 
the base curve or increasing the diameter will 
increase the attraction of the lens for the cornea. 
'The irregular surface of the cornea in these cases 
reduces the lens-cornea attraction and a larger 
lens is required to compensate for the loss in 
stability. However, the corneal irregularities allow 
an improved tear exchange and so larger lenses 
can be accepted more easily. Lenses with toric 
back surfaces are often needed to obtain the desired 
positioning and stability. Care must be taken to 
ensure that the edge lift is not too great, especially 
with proud grafts, in order to prevent the lens 
from being flicked out with the lid. 

These patients may wear corneal lenses for up to 
15 hours daily, preferably with a mid-day break, 
but they should be fairly closely watched since 
the usual warning symptoms of an ill-fitting lens 
are not normally felt after a keratoplasty. The lenses 
often need to be modified or changed frequently to 
overcome various problems that arise, especially in 
association with trouble spots already listed. The 
keratometry is also likely to change over the year or 
so after grafting. The two main complications that 
arise are neovascularization and oedema at the graft- 
host junction. 

A wide range of lens types are required to 
satisfv the various criteria for the different eyes. 
In this series the tricurve spherical lens was used 
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in 15 cases and the offset lens in eight (Table 1). 
Toric peripheral curves were required in 13 lenses, 
two of these being bitoric. The toric peripheral 
curves were necessary to attain stabilization in the 
correct position by obtaining a better lens-cornea 
relationship than was possible with spherical 
curves. The overall diameter of nearly all the 
corneal lenses fitted in this series was between 
9 and 9:5 mm and the centre thickness was o1 mm. 

When irregularities of the cornea after kerato- 
plasty are gross a corneal lens may be impossible 
to fit or the resulting visual acuity may be unsatis- 
factory. A fenestrated scleral lens is then indicated. 
Because of the toric cornea too large an air bubble 
often forms under these lenses and interferes with 
tear exchange or obscures vision. In these cases 
flush-fitting or channelled scleral lenses should be 
supplied. 

Soft lenses may be used to improve the visual 
acuity after keratoplasty, and they are especially 
useful for patients who cannot tolerate hard lenses. 
The results are usually disappointing owing to the 
residual astigmatism, but this can be reduced by 
using the more rigid soft materials. Supplementary 
spectacles with the appropriate cylindrical lens 
can be used with the soft lenses to correct the 
residual astigmatism. In this series two patients 
settled for soft lens correction and both achieved 
6/9 vision. One patient required supplementary 
spectacles and the other did not. 


Summary 


Even when a clear corneal graft results from kera- 
toplasty spectacles or contact lenses may still be 
needed for reasonable vision. In a series of patients 
treated at the contact lens department, Moorfields 
Eye Hospital, a transparent graft and functional 
improvement resulted in about 90 per cent of 
cases. One hundred of these successful cases are 
reviewed and the problems of achieving a reason- 
able visual acuity for the patients discussed. Of 
those who needed a visual aid 41 preferred a corneal 
contact lens. The particular difficulties of fitting 
these are reviewed and the need for a Hexible 
procedure to meet the varying circumstances 
emphasized. The methods adopted in the cases 
under review are described. In the 100 eyes visual 
acuities of 6/6 were attained in 29, 6/9 in 36, and 
6/12 in 17. 


I am grateful to Mr M. Ruben of Moorhelds Eye 
Hospital for kindly allowing me to report on patients 
under his care. 
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Simple method of determining the axial length of the eye 


E. S. PERKINS, B. HAMMOND, anb A. B. MILLIKEN 
From the Department of Experimental Ophthalmology, Institute of Ophthalmology, 


University of London 


The x-ray method of determining the axial length 
of the eye employed by Sorsby (Rushton, 1938; 
Sorsby and O'Connor, 1945; Duke-Elder and 
Abrams, 1970) has been superseded by ultrasonic 
techniques. Although the latter have attained 
considerable accuracy they can hardly be used 
for routine clinical purposes, particularly in chil- 
dren. The following method was developed to 
fulfil this need. 

If the globe can be considered as a sphere 
rotating about a fixed point in a cup of orbital fat 
the movement of a point on the cornea during 
rotation of the globe through a known angle will 
be directly related to the radius of rotation. In 
Fig. 1 the eye rotates through an angle « about C 
to fix an object first at A and then at B. If the 
distance between X and Y can be measured and 
the angle « is known the radius of the globe CX or 
CY can be calculated thus: 


XY 


CX = M 
2 X sine a/2 


There are two important assumptions which 
require further examination. First, can the eye be 
considered to be spherical? This may be assumed 
to be almost correct for a normal eye. Although the 
radius of curvature of the cornea is less than the 
radius of curvature of the globe, the apex of the 
cornea is said to coincide with the circumference 
of the globe (Duke-Elder and Wybar, 1970), so 
that measurement of the radius from a point near 
the centre of the cornea to the centre of the globe 
wil be equal to the radius of the globe. Doubling 
this measurement will give the axial length. In the 
case of a highly myopic eye, in which the globe is 
not enlarged symmetrically but which is elongated 
in its antero-posterior axis, rotation will take place 
about the centre of curvature of the posterior 
segment, and the distance from this point to the 
apex of the cornea will be greater than the radius 
of the posterior segment. A measurement derived 
from movement of a point on the apex of the cornea 
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FIG. I 


When eye rotates from fixation point A to 
fixation point B through known angle a movement of 
point on cornea from X to Y will be directly related 
to radius of rotation 


will not, therefore, give the radius of the posterior 
segment of such an eye, and doubling this measure- 
ment will give an overestimate of the total length. 
If, however, the method is used to estimate the 
progressive increase in length of an individual eye 
the increase in the distance from the apex of the 
cornea to the centre of rotation of the posterior 
segment will indicate the elongation of the eye. 
Although therefore such an estimation of the axial 
length may be inaccurate in a highly myopic eye 
the method will stil give relevant information 
concerning the change in antero-posterior length 
in any individual eyc. 

The second assumption is that the globe rotates 
about a fixed point. The centre of ocular rotation 
in the horizontal plane was carefully measured by 
Park and Park (1933), who found from measure- 
ments on 14 subjects that as the eye rotated from 
39° nasally to 38° temporally the centre of rotation 
moved along a curve slightly nasal to. the visual 
axis and extending from a point 14°732 mm to a 
point 12:950 mm behind the cornea. At 4° nasally 


the distance from the cornea was 13:918 mm, and 
at 3° temporally 13:749 mm. The antero-posterior 
movement of the centre of rotation was almost 
symmetrical about its position when the eye was 
in the primary position. If the centre of rotation is 
calculated from a symmetrical position a mean 
value would be obtained which, although not 
from the exact geometric centre of rotation, would 
be comparable from one eve to another. 

There are therefore some theoretical objections 
to a calculation of the radius of the globe from 
observations of the movement of the apex of the 
cornea, but as the method is simple it seemed worth 
trying in the hope that measurements of clinical 
value could be obtained. 

It is impossible to visualize the apex of the cornea 
for purposes of measurement, and observation of a 
small feature such as a blood vessel at the limbus 
was found to be difficult. However, if the fixation 
points A and B in Fig. 1 are replaced by illuminated 
targets in the form of a slit a bright corneal reflex 
can be seen and photographed by means of a 
camera mounted between A and B. The reflection 
of the target lies on the visual axis behind the 
cornea and its position. depends on the corneal 
curvature, It would be possible to measure the 
corneal curvature (and hence to determine the 
position of the image) by using a keratometer, 
but if the targets at À and B are photographed 
simultaneously the corneal curvature can be 
obtained from the separation of the two images 
(A and B in Fig. 1) either by calculation or by 
means of a calibration curve obtained by photo- 
graphing a series of polished steel balls of known 
radius. The latter method 1s more convenient, as 
an allowance can be made for the magnification 
of the photographic image and the actual distance 
between the two images on the film can be plotted 
against corneal curvature. 


Method 


The apparatus emploved is shown diagrammatically in 
Fig. 2. The reflex camera, fixation targets, etc., were 
mounted on a slit-lamp base placed on an instrument 
table. The targets were arranged on an arc, the centre 
of curvature of which was the focal point of the camera 
lens, and separated by an angle of 40° or 60°. The lens 
was an 80 mm Leitz Photar mounted on an extension 
tube which contained a small fibre-optics light. guide 
mounted 94 mm behind and facing the lens. This 
provided a fixation spot for the patient during kerato- 
metry. 

The subject was seated with his head on the head-rest 
and instructed to look at the lens of the camera. In 
addition to a constant illumination of the test target-~ 
a slit—from a festoon bulb, a small flash tube, was 
placed behind each target. The images of the targets 
could be accurately focused by moving the instrument 


. 


with the joystick of the slit-lamp base, and a photograph 
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Camera 





Position of 
eye 


FIG. 2. Diagram of apparatus for photographing bright 
corneal reflexes from fixed flash targets 


of the cornea was taken with both targets illuminated 
by the flash tubes. The subject was then instructed to 
look at a red dot in the centre of the left-hand target and 
another photograph taken with the flash from this 
target. The shutter of the camera was kept open and 
the subiect viewed a green dot in the centre of the right- 
hand target while this flash was fired. The resultant 
frame had a photograph of the eve in the two positions 
of gaze, and the image of each target appeared separated 
by a distance which could be measured and used to 
calculate the radius of movement of the reflex. Phote- 
graphs of each eye were taken twice. 

It was found convenient to place a scale. calibrated 
in fifths of a millimetre in. front of the film plane, so 
that an image of the scale was also obtained on the film 
and the separation of the reflexes could be read direct 
from the negative. So that the background exposure of 
the film would be sufficient to show the scale, the shutter 
was used in the ‘bulb’ position and kept open for about 
s s. With FP4 film the scale could be seen clearly on 
each frame. A switch was provided so that in one 
position both flashes were fired simultaneously for 
measurement of the corneal radius and in the second 
position either. flash could be fired by pressing one of 
two buttons, This was probably an unnecessary refine- 
ment, as even if both flashes were fired with the eve in 
the two positions of movement it was easv to see on the 
film which of the two flashes was aligned with the optic 
AXIS. 


CALCULATIONS 
Keratometry 


Knowing the magnification of the camera ( ^ 1-375}, it 
was possible to derive the separation of the two images 
in millimetres and from this measurement to calculate 
the radius of curvature, knowing the actual distance 


the cornea. 


“A 
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From a series of tests on steel ball-bearings of known 
diameter it was found that no serious error was intro- 
duced by multiplying the separation in millimetres 
of the images on the film by a constant factor of 1:62, 
and this was used for the clinical measurements. 


Radius of movement of globe 
From Fig. 1 it can be seen that the image of targets 
placed at A and B will lie on the optic axis behind 
the surface of the cornea. Its position on the optic axis 
will depend on the curvature of the cornea and the 
distance between the cornea and the target. If the 
target is at infinity the image will be at the focal point— 
that is, halfway between the centre of curvature of the 
cornea and the corneal surface. In this apparatus the 
target is not at infinity and, although the position of 
the image could be calculated, for clinical purposes the 
narrow slit can be considered as a point source and the 
calculations simplified by considering it to be at infinity. 
The separation of the two images on the film is 
corrected by the magnification factor ( X 1:875) and the 
radius of their movement as the eye moves from one 
target to the other equals their linear separation in 
millimetres divided by the sine of the angle of movement 
(usually 40°). To obtain the radius of the globe the 
distance of the image from the anterior surface of the 
cornea has to be added to the radius of movement of 
the images. 


Results 


To test the method steel balls of known radius 
from 6:35 to 8:73 mm were mounted on a pivot in 
such a way that they could be rotated with varying 
centres of rotation through an angle of 60°. The 
face of the balls thereby represented the corneas 
of eyes of different diameter. The radii of rotation 
were in the range expected in human eyes and 
varied from 11:35 mm to 15:33 mm, representing 
axial lengths of 22:7 mm to 30:66 mm. 

The results (Table I) showed that there was 
fairly good agreement between the so-called true 
radius of rotation and that calculated from the 
photographs. The ‘true radius’ consisted of an 
accurate measurement of the steel ball with a 
micrometer added to its distance from the centre of 
rotation of the pivot—normally 5, 6, or 7 mm, 
although this distance could not be measured so 
accurately as that of the diameter of the balls. The 
mean error between the ‘true radius’ and the 
measured radius was —o-11 mm (SD or, SE 
0°0213). 


Clinical measurements 


Measurements were made on 80 eyes of patients 
aged ro or over. As expected, the axial length of 
eyes with small refractive errors (+2:00 D to 
-1'00 D) showed no significant correlation with 
axial length. ‘The mean for male eyes was 27:95 mm 
and for female eyes 26-33 mm. 


Table I Verification of photographic 


measurements using steel balls of known radii 








Mean error —o' 1r, SD o-r1, SE 0'0213 


rotated through known angles 

Radtus of True radius Measured 

ball of movement radius Difference 
(mm) (mm) (mm) 

6:35 11°35 11:49 -o'14 
6°35 12°35 14°59 -Fo'r4 
6°35 13°35 13:10 -0'25 
6°74 II'74. II'71 -0'03 
6-74 12°74 12°84 +o-ro 
6-74 13°74 13°82 -+-0°:08 
6:99 11*99 II'9I —0:o8 
6:99 12:99 12:83 -0'16 
6-99 13'99 13:80 -0'19 
714 I2:14. 12:16 -0'02 
714 13°14 13°07 -0'07 
T 14714. 14:05 -0'09 
7'52 12°52 12°40 —0'12 
7°52 13°52 13°53 ooi 
752 14°52 14°47 “0°05 
792 I2:92 12:60 -0°32 
792 13:92 13:66 —0:26 
792 14°92 14°49 -0'36 
8-00 13°00 12:89 —O'II 
8-00 14°00 13°80 -0'20 
8-00 15:00 14°81 —0'I9 
8:35 13°33 13°23 -—0'IO 
8:33 14°33 14°25 -o'o 
8-33 15:33 15°32 ~O'ol 
8-73 13:73 13:59 -0'14 
8-73 14°73 14°62 —O'II 
8-73 15:73 15:60 7013 
9°00 14°00 13:89 —O'II 
9°00 15-00 14°80 —0"20 
9'00 16-00 15°79 —0'21 


Fig. 3 shows the refraction of all eyes plotted 
against their axial length. There is an obvious 
correlation, and computer analysis gave a correla- 
tion coefficient for all eyes of —0:8592. The regres- 
sion line for axial length on refraction was R— 
—2:578 A + 66-658, where R —refraction in diop- 
tres and A=arxial length in millimetres. The 
correlation for female eyes alone (Fig. 4) was 
—077607 and for male eyes (Fig. 5) —0:8925. If 
eyes with refractions between -- 2:00 D and —1:00 D 
were excluded the correlation coefficient was 
—8739. There was also a correlation between - 
corneal radius and refraction (-o:20:2 for all 
eyes) (Table II). 


Discussion 
The axial length of eyes with low refractive errors 
as measured by this method is about three milli- 
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FIG. 3 Measurements of axial length plotted 
against refractive error in 80 eyes 
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FIG. 4 Measurements of axial length plotted against 
refractive error in 37 female eyes 


+10 


~30 
20 22 124 120 28 30 32 34 
mm 


FIG. 5 Measurements of axial length plotted against 
. refractive error in 43 male eyes 
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Table II Correlation coefficients 





Female Male All 


Coefficients between — eyes eyes eyes 
Refraction and axial 

length -o'7607 | —8925  -o859a 
Refraction and 

corneal radius —01135 -©2555 —o'2012 





metres greater than that obtained by x-ray or 
ultrasonic techniques. The latter techniques mea- 
sure the distance between the anterior surface of 
the cornea and the retina, whereas the present 
method includes the thickness of the choroid 
and sclera. According to Duke-Elder and Wybar 
(1970) the choroid is o:2-0:3 mm thick and the 
sclera 1-1°3 mm thick at the posterior pole, so our 
measurements would be expected to be about 
I'5 mm too great. This still leaves 1:3 mm to be 
accounted for. The calculation of axial length 
assumes that the apex of the cornea coincides 
with the circumference of the globe. If, however, 
this assumption is incorrect and the cornea is a 
segment of a sphere protruding from the globe the 
axial length as calculated would be overestimated 
by the corneal protrusion. Assuming a corneal 
radius of 7:5 mm, a corneal diameter of 12 mm, 
and a radius of curvature of the globe of 12 mm 
it can be calculated that the distance from the 
centre of rotation of the globe to the apex of the 
cornea is 143 mm greater than the radius of curva- 
ture of the sclera. 

Park and Park (1933) found the centre of rotation 
of the globe to be about 13:8 mm posterior to the 
apex of the cornea, which is similar to the mean 
value in male emmetropic eyes in our series. 'This 
adds support to the suggestion that the apex of the 
cornea does not lie on the circumference of the 
globe but protrudes beyond it. 

The correlation between the axial length, as 
measured by the present method, and the refraction 
is similar to that obtained by Stenström (1948) 
by ultrasonography, and suggests that even if we 
are not measuring the true axial length of the eye 
the dimension measured is so closely related to the 
axial length that it is valid for clinical purposes. 
The slope of the regression line for axial length/ 
refraction is such that a change of refraction of 
1*oo D is equivalent to a 0:39 mm change in axial 
length. 

Some idea of the consistency of the readings 
may be obtained by comparing the paired readings 
of corneal radius and axial length made on each eye. 
The two measurements of corneal radius were 
identical in 52 of the 8o eyes, and differed by o-o5 
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mm in 13 and o:xo mm in 12 eyes. As would be 
expected, the differences between the paired 
readings of axial length were greater; the measure- 
ments were identical in 13 eyes but differed by 
over I mm in eight eyes. Four of these eyes were 
highly myopic with poor fixation and two were 
highly hypermetropic, also with poor fixation. The 
mean difference between paired readings for 80 
eyes was 0°43 mm. 

In spite of the theoretical objections to this 
photographic method the excellent correlation 
between the measurements and refraction suggests 
that the method is a useful alternative to ultra- 
sonography. In addition it is quick to do, comfort- 
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Early and late results of fascia lata transplantation 


in high myopia 


A. P. NESTEROV, ? 





1. B. LIBENSON, aNpb A. V. SVIRIN 


From the Department of Eye Diseases, 2nd Moscow Medical Institute, USSR 


In 1970 we described the technique and preliminary 
results of strengthening the sclera with a strip of 
fascia lata in progressive myopia (Nesterov and 
Libenson, 1970). However, our follow-up was 
limited and the final results were uncertain. The 
present paper analyses the early and the late results 
in a group of myopic patients who were followed-up 
for periods of up to 9 years. 


Patients and methods 


'T'he operation was performed on 184 eyes of 108 patients 
aged from 8 to 52 years. The degree of myopia varied 
from 7 to 39 dioptres (mean 18 D), 78 eyes were astig- 
matic (more than ro D cyl.), and 7o had profound 
degenerative changes of the choroid and the retina. The 
myopia was definitely progressive in 128 eyes. Reliable 
information on whether the myopia was progressive or 
stable was not available in the remaining cases. 

Our operation is a modification of that of Shevelev 
(1930) and Curtin (1961). The technique has been 
reported in detail elsewhere (Nesterov and Libenson, 
1970). Briefly it is as follows. With a fascial stripper a 
strip of fascia lata 120 mm long and 6 mm wide is 
excised through a 30 mm incision in the outer surface 
of the thigh. The strip is cut longitudinally to make a 
Y-shaped transplant with one broad and two narrow 
arms. The conjunctival-tenon incisions are made in the 
superonasal, inferonasal, and temporal quadrants of the 
eyeball. The lateral rectus muscle is then cut off. With 
the help of a Curtin hook (Curtin, 1961) the graft is 
placed behind the globe, its narrow arms running 
above and below the optic nerve and then through the 
superonasal and  inferonasal incisions. The third, 
broad arm runs along the horizontal meridian at the 
temporal side. Each of the arms is fixed to the sclera 
by two silk sutures. The lateral rectus is resutured to 
the globe and the conjunctival-tenon incisions are closed 
with running silk sutures. 


Results 
I. EARLY 
Three to 4 weeks after the operation visual acuity 
without correction had improved by o:02 to o'14 
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(mean o:08) in 171 eyes (93 per cent). Visual acuity 
with correction had improved by o'1 to o:2 In 106 
eyes (58 per cent) and by o5 to o5 in 45 (24 
per cent). In one eye, as a result of postoperative 
uveitis, visual acuity decreased by o:06 without 
correction and by o'3 with correction. 

Visual fields were investigated by a kinetic 
technique with the hemispherical Kugel perimeter. 
The peripheral boundary of the field was examined 
(3/330) in 12 directions without glasses and both 
paracentral and central areas with corrective 
glasses (1/330). Either a concentric or sectorial 
narrowing of the visual field was found in 177 
eyes. It became wider by 10 to 25 degrees m at 
least two directions in 160 cases after surgery. The 
changes in paracentral and central areas (70 eves) 
were stable. 

Refractive power was examined with a Hartinger 
refractometer and  sciascopically. Myopa had 
decreased in 169 eyes (92 per cent) by r to 8 D 
(mean 3:1 D). The power of corrective glasses had 
decreased by zero to 8 D (mean 3:0 D). 


2. LATE 


Follow-up after operation was for periods of from 
1 to 9 years in 105 eyes (67 patients): from 1 to 3 
years in 56 eves, from 3 to 5 years in 15, from s to 7 
vears in 27, and for more than 7 vears in 7 eves. 
The results are summarized in the ‘Table. 
Visual acuity had improved in 76 eyes (72 per cent). 


Table Late results of surgery in 105 myoptc eves 


PARARE NBEAN AP ONTEER ENE HEN AREER 


Improved 


Unchanged — Impaired 





Visual acuity 


without 

correction 46 (72) 21 (20) 8 (GÀ 
Visual acuity 

with correction 76 (72) 23 (22) 6 (63 
Degree of myopia 92 (88) 7 (6) 6 (6) 
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The mean improvement was o-o5 without correc-. 
tion and 0°18 (0°03 to o4) with corrective glasses. 
The degree of myopia had decreased in 92 cases 
(88 per cent) by 0-5 to 8:5 D (mean 4:2 D). The 
power of glasses required decreased in gr eyes by 
o'5 to 6 D (mean 3:8 D). 

The differences between the early and the late 
results were not notable in 64 eyes (61 per cent). 
The corrected visual acuity had increased by 0:03 
to o:2 in 35 eyes (53 per cent) and decreased by 
0°02 to o-15 in 6 cases (6 per cent). 

Comparison of the changes in refractive power of 
the two eyes in those patients in whom only one 
eye was operated on was of interest. In 29 cases 
followed-up for 1 to 7 years the degree of myopia 
had risen in only five (17 per cent) by o:5 to 3 D 
(mean 1:7 D). In the fellow eye the degree of 
myopia had increased in 24 cases (83 per cent). The 
average increase in refractive power was 2:9 D 
(range r:5 to 6 D). 

Retinal detachment occurred in only one of the 
ros eyes. It was cured by surgery without any 
change in visual acuity or refractive power. There 
was no retinal detachment in 29 fellow eyes. 


Discussion 


The operative results in these cases show that the 
risk of complications is small. As a rule the opera- 
tien- halts the progress of the myopia or delays it 
for several years. In many cases the operation 
leads to both a decrease in the degree of myopia 
and an improvement of visual function. 

The effect of the operation on the eye can hardly 
be limited to supporting the posterior sclera with 
the graft. Two other factors may be involved. 
Unexpectedly, we found that ocular tension was 
appreciably lowered after surgery. The mean 
(+SE of mean) applanation intraocular pressure 
in 184 eyes was 16-7-]-o:31 mmHg before surgery 
and 14:1--0°36 mmlig three weeks after surgery 
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(P «o'oor). In 42 eyes that were examined three 
years or more after surgery the intraocular pressure 
was 2°2-+-0'24 mmHg lower and the C-value 
0:038-4-o-or4 mm*/min mmHg higher compared 
with their preoperative level. These differences 
are significant (P«o:o5). The reason for the 
increase in the outflow facility and the decrease in 
the intraocular pressure is not clear. Perhaps the 
beneficial effect of the operation on myopia partly 
depends on a decrease in ocular tension. 

Libenson (1967) showed experimentally that a 
strip of fascia lata transplanted to the eyes of 
rabbits led to the formation of new blood vessels 
both in the graft and the neighbouring scleral 
tissue. Improvement in the blood supply of the 
posterior sclera is believed to play a part in streng- 
thening scleral tissue. 

Thus, the beneficial effect of the operation seems 
to be due to the support given to the posterior 
sclera by the fascial graft, the lowering of ocular 
tension, and the improvement in the blood supply 
to the scleral tissue. 


Summary 


Transplantation of a strip of fascia lata to strengthen 
the posterior sclera in high progressive myopia 
was performed on 184 eyes of ro8 patients with 
myopia ranging from 7 to 39 D. Three weeks after 
surgery visual acuity with correction had improved 
by or to o'5 in 151 eyes (82 per cent) and refractive 
power had decreased by 1 to 8 D in 169 eyes 
(92 per cent). In 105 eyes (67 patients) that were 
followed-up for periods of from 1 to 9 years myopia 
increased in six by o:5 to 3 D. In 29 patients who 
had an operation on only one eye and were then 
followed-up for periods of from x to 7 years the 
degree of myopia in the fellow eye increased by 1:5 
to 6 D in 24 (83 per cent), and of the eyes that were 
operated on myopia increased by o:5 to 3 D in 
only s (17 per cent). 
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Visually evoked cortical potentials in the evaluation of 
homonymous and bitemporal visual field defects 


H. G. H. WILDBERGER,* G. H. M. VAN LITH, R. WIJNGAARDE, 


AND G. T. M. MAK 


From the Eye Hospital, Erasmus University, Rotterdam, The Netherlands 


Ever since visually evoked cortical potentials 
(VECPs) were first used as a diagnostic aid the 
important question has been whether they could 
detect visual field defects. In earlier investigations 
(Vaughan, Katzman, and Taylor, 1963; Vaughan 
and Katzman, 1964; Kooi, Güvener, and Bagchi, 
1965) light-flash stimulators illuminating the entire 
retina were used and the bioelectrical responses 
from both hemispheres were compared. Because 
asymmetries between the hemispheres were also 
found in normal people only differences of so 
per cent or more between the responses of the 
right and left hemisphere were considered signifi- 
cant. Later, methods of stimulating the temporal 
and nasal parts of the retina separately with flash 
and checkerboard stimulation were introduced 
(Cobb and Morton, 1970; Biersdorf, 1974). 
Finally, Regan and Heron (1969) devised a sophis- 
ticated method of separating the signals from 
retinal areas stimulated simultaneously. There 
are few reports of the clinical application of these 
techniques. This paper reports our experience in 
this field. 


Patients and methods 


Six patients with homonymous hemianopia (due in 
five cases to a vascular insult and in one case to a 
tumour in the parieto-occipital region) and six patients 
with a bitemporal hemianopia (all with a tumour in the 
region of the chiasm) were examined, the latter group 
both pre- and postoperatively. A projection system was 
used for the checkerboard-reversal stimulation. The 
screen subtended a 24^ visual angle while the individual 
checksize was 4. The modulation depth of the black 
and white squares was go per cent. The reversal fre- 
quency amounted to 8 Hz. During full-field checker- 
board stimulation the patient had to fix a small spot in 
the centre of the illuminated screen. After that a half- 
field stimulation was applied by presenting only the 
vertical half of the original screen. In the latter the 
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patient had to fix a small light attached to the right or 
left border just outside the stimulating field. A vertical 
strip to avoid possible interhemispherical callosal 
projections (Regan and Cartwright, 1970) was not used. 

The electrodes were placed according to the EEG 
10 to 20 per cent system. For our purpose we used a 
smaller distance for the electrode position in the midline 
—namely, 5, 15, and 25 per cent above the inion. From 
these both a bipolar and a referential lead were used, 
The bipelar registration was made from the & to the 
25 per cent position and the referential registration 
from the 15 per cent position to the right earlobe, the 
left earlobe being earthed. Furthermore, two bipolar 
registrations were made from the right and left hemis- 
phere—that is, from O; to C, and from QO, to Ca. 

In full-field stimulation the amplitude measured 
from the referential lead appeared to be normal in 
our set-up (above 7:5 UV} whereas in half-field stimu- 
lation only à difference in amplitude of more than 
50 per cent between the hemispheres was considered 
significant. With a reversal frequency of 8 Hz we 
obtained steady-state VECPs, so we measured the 
phase instead of peak latencies. The latter can be 
measured only with transient VECPs obtained by low 
frequency stimulation (Haliday, | McDonald, and 
Mushin, 1972). For the phase we measured the time 
peak of the sinusoidal response (marked by horizontal 
hne in Figs r and 3) The normal values are within 
118 ms --9 ms. 

In half-Bield stimulation. the amplitudes and phases 
from the stimulated hemispheres were compared. On 
stimulating the right eve, for example, the response 
from the left hemisphere, arising from temporal half- 
field stimulation, was compared with the response 
from the right hemisphere, arising from nasal half-field 
stimulation (Fig. 2). These differences were more 
pronounced than those in the responses from the 
midline electrodes. Nevertheless, examination of norma! 
individuals showed that a so per cent criterion had to 
be applied to them also. A difference of more than 
ro ms in the phase was considered to be pathological. 


Results 
HOMONYMOUS HEMIANOPIA 


Figs 1 and 2 show the VECPs in a sza-vear-old 
patient after a cerebral vascular accident resulting 
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in an incomplete homonymous hemianopia to the 
right without sparing of the macula. Full-field 
stimulation (Fig. 1) showed slightly reduced 
amplitudes, while the phase (horizontal line to the 
first peak of the referential response) was normal 
for both eyes. There was a marked difference in 
amplitude, however, between the hemisphere 
responses, indicating a left-sided cerebral distur- 
bance. Temporal half-field stimulation (Fig. 2) 
gave from the right eye, in accordance with the 
visual field defect, much lower responses than 
nasal half-field stimulation. There was also a 
phase difference. 

Differences in amplitude and phase were greatest 
between the responses of the directly stimulated 
hemispheres. A small response was obtained from 
the non-stimulated left hemisphere after nasal 
half-field stimulation. This response may have 
been transmitted by intercallosal connexions and 
may indicate that the seat of the lesion was not 
on a cortical level (Mitchell and Blakemore, 1970). 
The findings in visual field and VECPs in the left 
eye were of the same kind as those in the right eye. 

Of the six patients examined only two showed 
slightly reduced amplitudes in the midline leads 
after full-field stimulation, while the phase was 
always normal. A 5o per cent difference in ampli- 
tudes between the hemispheres after full-field 


VOS 1-O 


FIG. 1 VECPs from right and 
left eye of patient with incomplete 
homonymous hemianopia to right. 
Full-field stimulation. Upper 
recordings are bipolar registrations 
in midline ; second recordings are 
referential registrations from 
midline to right earlobe ; third and 
lower recordings are bipolar 
registraitons from right (R) and 
left (L) hemisphere. Phase marked 
by horizontal line above recording. 
In all figures upward deflexions 
indicate positive polarity 





stimulation was present in three cases. With half- 
field stimulation a difference of more than so 
per cent was seen in four patients and of less than 
50 per cent in one. One patient showed no differ- 
ence; his visual field defects were peripheral. 


BITEMPORAL HEMIANOPIA 


Figs 3, 4, and 5 show the VECPs in a 63-year-old 
patient with a chromophobe adenoma. After full- 
field stimulation (Fig. 3) the amplitudes were 
obviously reduced on the left eye. A pathological 
phase shift (horizontal lines) was seen from both 
eyes. After full-field stimulation of the right eye 
the responses from the left hemisphere were 
smaller than those from the right; after full-field 
stimulation of the left eye the responses from the 
right hemisphere seemed to be somewhat more 
impaired. Half-field stimulation of the right eye 
(Fig. 4) again gave the greatest difference in 
amplitude and phase when the curves from the 
directly stimulated hemispheres were compared. 
‘The result was clear although the visual field 
defect was limited only to the temporal superior 
quadrant of the two most inner isopters. After the 
operation the visual field defect became much 
smaller (Fig. 5). The difference in amplitude after 
half-field stimulation was about 30 per cent 
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FIG. 2  Homonymous hemianopia 
to right, same patient as in Fig. 1. 
Half-field stimulation of right 
eve. Responses from nasal half 
field on left, from temporal half 
field on right 
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whereas the phase difference was still significant. 
?ven on the side where the visual acuity was not 
yet impaired reduction of amplitude and phase 
shift were the most important findings in our six 
patients when examined before the operation 
-with full-field stimulation. The decrease in ampli- 
tudes were not so great when only quadrant field 
anopias were present. Even then significant differ- 
ences could be found by half-field stimulation. 
After operation the amplitudes remained reduced 
in half of the cases and in two patients showed a 
doubling of the peaks (Fig. 5, nasal stimulation), a 
phenomenon which is often seen in the recovery 
period of optic neuritis. The phase tended to 


return to normal from the less affected eve. The 
difference between the hemispheres after full-field 
stimulation or half-field stimulation remained 
when there was a large, persisting visual field 
defect. 


Discussion 


Earlier studies (Vaughan and others, 1963; Koo: 
and others, 1965; Oosterhuis, Ponsen, Jonkman, 
and Magnus, 1969) pointed out the difficulties in 
differentiating between normal variations in the 
flash VECPs and the abnormal, the latter appearing 
as a reduction of the early components (waves f, 
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II, and III according to Cigánek's nomenclature). 
Although VECPs evoked by flash stimulation of 
low frequency cannot directly be compared with 
VECPs from pattern-reversal stimulation of a 
higher frequency (‘steady-state’ responses) as used 
in this investigation, our results are comparable 
with those in the studies referred to. 

The difference between homonymous and bitem- 
poral hernianopia is that in the latter the visual 
input is disturbed more at the periphery, whereas 
in homonymous hemianopia the site of generation 
of the VECP itself may be impaired. Oosterhuis 
and others (1969) concluded that the VECPs are 
not determined only by the visual pathways and 
the visual projection areas, since other regions 
may also be affected and abnormal EEGs may also 





FIG. 3 Preoperative VECPs 
from right and left eyes af patient 

ih bit al } * pi after 
full-field stimulation 


influence the VECPs. Our investigations in homony- 
mous hemianopia, however, did not support this 
view. The VECPs were probably not interfered 
with by influences from outside the visual 
system any more than in the case of bitemporal 
hemianopia. 

The difference between cases of homonymous 
hemianopia, with and without macular sparing, was 
inapparent. Our mode of stimulation with rather 
large checksizes, producing a luminance component, 
stimulates the paramacular areas more, where the 
influence of pericallosal connexions is small. This 
means that the effects of our stimulus were similar 
to those of the sinusoidally modulated flicker used 
by Regan and Heron (1969), which is unable to 
detect macular sparing. 
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In bitemporal hemianopia, optic nerves and 
chiasm are often compressed to a thin cord. 


Obviously not only are the crossing fibres from . 


the nasal retinae then impaired but also those from 
the temporal halves. This may occur with rather 
good nasal visual fields, whereas the VECPs are 
much reduced and delayed. Pressure of a tumour 
on the optic nerves may give various clinical 
pictures. When there is unilateral neuritis the 
VECPs are not of much help in differentiation. A 
clear-cut situation, as in the case of a split chiasm 
(Fisher, Jampolsky, and Scott, 1968; Lehmann, 
Kavanagh, and Fender, 1969) where the fibres 
from the temporal halves are intact, is seldom seen. 
In the acute stage of neuritis or pressure on the 
optic nerves the responses are often very low, near 
to the noise level (van Lith and Mak, 1974). In 
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FIG. 4 Same patient as în Fig. 3. 
Preoperative VECPs from right 
eye : natal stimulation on left, 
temporal stsmulation on right 


these cases differences in amplitudes or phases 
cannot reliably be measured. 


Summary 


Visually evoked cortical potentials were studied 
in six patients with a homonymous and six 
with a bitemporal hemianopia by presenting 
a pattern-reversal stimulus separately to a tem- 
poral or nasal retinal area and by recording 
the responses from leads over the hemispheres. 
Homonymous visual field defects are characterized 
by a reduction of VECPs from the affected 
hemisphere. The disturbance of VECPs in bi- 
temporal hemianopia is more serious, since the 
fibres from both retinal halves may be damaged 
by a chiasm tumour. 


BIERSDORF, W. R. (1974) Docum. ophthal. (Den Haag), 4, 249 

COBB, W. A., and MORTON, H. B. (1970) 7. Physiol. ( Lond.), 208, 39 

FISHER, N. F., JAMPOLSKY, A., and SCOTT, A. B. (1968) Ammer. J. Ophthal., 65, 237 

HALLIDAY, A. M., MCDONALD, W. I., and MUSHIN, J. (1972) Lancet, x, 982 

KOOI, K. A., GÜVENER, A. M., and BAGCHI, B. K. (1965) Neurology (Minneap.), xs, 841 

LEHMANN, D., KAVANAGH, R. N., and FENDER, D. H. (1969)  Electroenceph. clin. Neurophysiol., 26, 193 
MITCHELL, D. E., and BLAKEMORE, C. (1970) Vision Res., xo, 49 

OOSTERHUIS, H. J. G. H., PONSEN, L., JONEMAN, E. J., and MAGNUS, O. (1969) Electroenceph. clin. Neurophysiol., 


27, 23 


278 British Journal of Ophthalmology 


VOD 1-5 


Half-field stim. pattern 
172° 
Bipolar FIG. 5 Half-field stimulation of 
WAM z same did as in Fig. 4 after 


Midline : 


B . Ref. 


Hemisphere 








Left 


5 wv 
250 ms 


REGAN, D., and CARTWRIGHT, R. F. (1970) Ibid., a8, 314 

, and HERON, J. R. (1969) J. Neurol. Neurosurg. Psychiat., 3a, 479 

VAN LITH, G. H. M., and MAK, G. T. M. (1974) Docum. ophthal. (Den Haag), 4, 375 
VAUGHAN, H. G., and KATZMAN, R. (1964) Ann. N.Y. Acad. Sci., 11a, 305 

y , and TAYLOR, J. (1963) Electroenceph. clin. Neurophysiol., 15, 737 











$ 


Brit. J. Ophthal. (1976) 60, 279 


Pseudoextoliation of lens capsule and glaucoma 


Case report 


LEON CEBON anb REDMOND J. H. SMITH 


From Moorfields Eve Hospital, City Road, London 


A woman aged 80 vears was first seen in October 
1973. She had been suffering from watering eves 
and on one occasion, when wiping her right eve, 
had noticed that the vision of her left eye was 
blurred. In the past she had had an operation on 
her ‘tear duct’, pyelitis, and an operation for an 
abdominal cyst. Currently she was well apart from 
some rheumatoid arthritis of her hands. 

Examination showed her visual acuity to be 
right 6/5, left 6/60. The right lens capsule showed 
pseudoexfoliation (Fig. 1) while the left lens 
capsule was quite unaffected (Fig. 2). Gonioscopy 
showed wide open angles without trabecular 
pigmentation. The intraocular pressure was right 
18 mm and left 24 mm. The right optic disc was 
normal but the left showed glaucomatous cupping 
and new vessel formation. There were also several 
retinal haemorrhages characteristic of retinal 
branch vein thrombosis. There were no other 
significant clinical findings. In short, the findings 
were of an old woman with pseudoexfoliation of 
the right lens capsule and no glaucoma, glaucoma 
of the left eye without pseudoexfoliation, and an 
absence of typical trabecular pigmentation in 
either eye. 


Discussion 


Pseudoexfoliation of the lens capsule was first 
noted by Lindberg (1917) and more fully described 
by Vogt (1925), who also noted its association with 
glaucoma and coined the term ‘glaucoma capsulare'. 
This association has been a challenge to successive 
generations of investigators. Vogt (1926) thought 
that the exfoliated material blocked the outlets of 
the angle and so caused glaucoma. He also con- 
sidered the possibility of pseudoexfoliation being 
the result of glaucoma. Malling (1938) held that 
both the capsular changes and glaucoma were 
secondary to vascular changes in the uvea, whereas 
Bedell (1926) considered the relationship coinci- 
dental, and Trantas (1929) thought that the glau- 
coma was due to degenerative changes in the 
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excretory channels identical with the change in 
the lens capsule. Chandler and Grant (1965), and 
others, pointed to the increased trabecular pig- 
mentation that is often associated with pseudo- 
exfoliation and saw in it a cause of trabecular 
embarrassment. All these views imply that the 
glaucoma is secondary and different from chronic 
simple glaucoma. 

Another puzzling fact about this condition is 
the great variation of its incidence in glaucoma 
patients in different countries. For example, its 
incidence among English glaucoma patients is 
given as 2 per cent while in Norway the figure 
is 93 per cent (Tarkkanen, 1962). ‘Thomassen 
(1949), who examined patients in both countries, 
held that these were true differences. He found an 
incidence of 79 per cent in Oslo and of 2 per cent in 
London. If that was so, and the glaucoma is secon- 
dary, then, other things being equal, there should 
be an excess of glaucoma patients in Norway. 
‘There are many fallacies in comparing the results 
of different glaucoma surveys, but the following 
figures are available. 

Bertelsen (1965) found an incidence of glaucoma 
in Norway of 1:7 per cent in the 50-59 age group 
and 3:3 per cent in the 60-69 age group. Wright 
(1966) in Bedford, England, found an incidence of 
2:18 per cent in the 50-59 age group and of 2:58 
per cent in the 60-69 age group, excluding ocular 
hypertensives who account for o-20 per cent in 
the younger group and 2:44 per cent in the older. 
More recent investigations have thrown interesting 
sidelights on the older views as well as opening up 
new lines of inquiry. 

Aasved (1971b) found that the incidence of 
pseudoexfoliation increases with age and with the 
severity of glaucoma. Apparently the clinics re- 
porting a high incidence of pseudoexfoliation in 
Norway have particularly advanced cases referred 
to them. Aasved (1969) found the incidence of 
pseudoexfoliation in Birmingham to be of the 
same order of magnitude as in Norway. Similarly, 
Jones (1957), in London, found that of glaucoma 
patients undergoing surgery 5'5 per cent had 
pseudoexfoliation compared with 2 per cent of 
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glaucoma outpatients found by Thomassen (1949). 

Aasved (1971c) also noted several interesting 
facets of the natural history of pseudoexfoliation. 
It increases intraocular pressure even in the absence 
of glaucoma. Patients who develop pseudoexfolia- 
tion while under observation tend to develop 
glaucoma at about the same time, so that there is 
no increase in the incidence of glaucoma with age 
as there is in patients without pseudoexfoliation 
(Aasved, 19718). This is consistent with the 
findings of Tarkkanen (1962). Moreover, patients 
with pseudoexfoliation who have glaucoma tend 
to be younger than those who do not have glau- 
coma (Aasved, 1971c; Gillies, 1972; Tarkkanen, 
1962). This also argues against a progressive 
onset of glaucoma. 

There i evidence to suggest that the manifesta- 
tions of the syndrome are more widespread than 
was once thought. Thus Ringvold (1973) found 
pseudoexfoliated material in the  conjunctiva, 
Vannas (1969) found vascular anomalies in the 
irides of eyes with pseudoexfoliation, and Laati- 
kainen (1971) found limbal circulatory abnormali- 
ties more often in such eyes. Evidence has also 
been presented against the view that the glaucoma 
is simply due to trabecular obstruction by pseudo- 
exfoliation flakes or pigment. Tarkkanen (1962) 
found flakes in the angles of 46 per cent of the 
non-glaucomatous eyes and in only 50 per cent of 
the glaucomatous, and while the glaucomatous 
eyes tended to be more heavily pigmented 65 
per cent were graded r or 2 on a scale of 4 and, 
perhaps more significantly, 8 per cent of the non- 
glaucomatous eyes had grade 3 pigmentation. 
'l'arkkanen further points out that there is a genetic 
link between pseudoexfoliation and chronic simple 
glaucoma. Offspring of glaucomatous parents 
may have pseudoexfoliation and vice versa. 

However, it seems that the most telling argu- 
ment against the simple obstruction view is the 
fact that quite a number of patients with unilateral 
pseudoexfoliation have bilateral glaucoma (36 per 
cent of T'arkkanen’s series of 187 patients). The 
converse is also true. Not all patients with pseudo- 
exfoliation have glaucoma, and it is of interest to 
know whether non-glaucomatous eyes, either in 
the presence of pseudoexfoliation or in the other 
eye, have an increased tendency to glaucoma. This 
tendency has been assessed on the basis of steroid 
sensitivity. 

Becker and Mills (1963). administered topical 
corticosteroids to 30 normal volunteers, of whom 
40 per cent developed a rise of 6 mm or more in 
their intraocular pressure, while 9o per cent of 32 
glaucoma suspects and 93 per cent of 44 glaucoma 
patients showed such a rise. (These data are 
extracted from Becker and Mills’s Figs r and 7). 


Armaly (1963) found that 9 (40 per cent) out of 
22 normal volunteers over the age of 4o had a rise of 
intraocular pressure of 5 mm or more under similar 
conditions. Becker and Hahn (1964) found that 
after topical corticosteroids 32 per cent of normal 
volunteers, 92 per cent of glaucoma patients, 
80 per cent of glaucoma suspects, and 73 per cent 
of offspring of glaucoma patients had a rise of 6 mm 
or more in their intraocular pressure. 


We may summarize these results by saying that 
in a population of normal volunteers about one- 
third respond to steroids and that this proportion 
increases to over 9o per cent in chronic simple 
glaucoma patients, with intermediate values for 
glaucoma suspects. Gillies (1970) administered 
topical steroids to 38 non-glaucomatous eyes of 29 
patients with pseudoexfoliation. There was a rise in 
pressure of 5 mm or more in five eyes (13 per cent). 
Tarkkanen and Horsmanheimo (1966) found that 
of 33 patients who had bilateral or unilateral non- 
glaucomatous pseudoexfoliation five (15 per cent) 
had a rise of 6 mm or more or a reduction in 
facility of outflow greater than 33 per cent. 

It would seem, therefore, that these eyes are no 
more prone to glaucoma than average eyes, and if 
anything less so. Furthermore, Pohjola and Hors- 
manheimo (1971) found that of eyes with pseudo- 
exfoliation that actually had glaucoma only 28 
per cent responded to corticosteroids with a 
pressure rise of 5 mm or more (as against go per 
cent of chronic simple glaucoma eyes), and in 
all but one of the responders the glaucoma was 
bilateral. 

These authors offer the following explanation. 
Patients with pseudoexfoliation may have one of 
two kinds of glaucoma, either primary chronic 
simple glaucoma, which is bilateral even with 
unilateral pseudoexfoliation and is steroid respon- 
sive, or a secondary glaucoma, which is non- 
steroid responsive and is confined to the pseudo- 
exfoliated eye. Furthermore, the presence of the 
pseudoexfoliation gene is strongly contributory to 
the expression of chronic simple glaucoma, so 
that steroid-responders with  pseudoexfoliation 
tend to develop manifest glaucoma, leaving only a 
small proportion of responders among the non- 
glaucomatous eyes. 

Tarkkanen (1962) notes that patients with uni- 
lateral pseudoexfoliation and glaucoma, which 
would be classed by Pohjola and Horsmanheimo as 
secondary glaucoma, show a high proportion of 
males, relatively many myopes, a family history of 
glaucoma, marked pigmentary changes, and a large 
proportion of high initial intraocular pressures as 
compared with bilateral cases. 

If we now look at T'arkkanen’s overall figures 
with Pohjola and Horsmanheimo’s views in mind 
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we see that bo per cent of all patients with pseudo- 
exfoliation have glaucoma. Of these some have 
chronic simple glaucoma and some have secondary 
glaucoma. The relative proportions of these condi- 


tions may be estimated from the distribution of 


glaucoma in patients with unilateral pseudoexfo- 
liation (Table 19). There are 36 per cent of patients 
with bilateral glaucoma and 23 per cent with 
unilateral glaucoma. ‘These figures can serve as a 
measure of the incidence of chronic simple glau- 
coma and secondarv glaucoma respectively. 

While the manner in which the secondary 
glaucoma is produced is not clear the association 
of chronic simple glaucoma in 37 per cent of cases 
of pseudoexfoliation also requires explanation. 
Such an explanation has been put forward by 
Tarkkanen (1962) 


“The condition [pseudoexfoliation] may be associated 
with a gene bearing three characteristics. (1) An abnor- 
mality of the drainage mechanism of the aqueous, 
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whv the three characteristics are occasional 
together but sometimes only one or tw: thi 
present 

The subyec tof the present report ma" Di 1¢ 
illustrating the thesis of Pohjolaand Horsm 

A search o1 th« English-language Tel 
discovered mention of only five othe h 
where one eve Was affected by pseudo Lol 
onlv and the other bv glaucoma only (11 
1929 (two cases); Fahmy, 19360; Wilson, 
Good and Ratnati, 1968), The rarity of this « 
nation seems analogous to the rarity ini 
chronic simple glaucoma. Leydhecker (1973) 
that fewer than o-1 per cent of cases reman 
lateral IO vears attei the onset yy tht 1 
Possibly further follow-up would find the glau 
in these cases becoming bilate ral (indeed Wil 
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patient had a pressure of 23 mm in the sound eye). even though closely associated, can arise inde- 
When a little more advanced such bilateral cases pendently. 
would excite no undue interest. They are never- 


theless worthy of attention, because they empha- We thank Mr Nicholas Brown for the photographs of 
size the fact that pseudoexfoliation and glaucoma, the anterior segment. 
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Senile cataract extraction and diabetes 


RITA HILLER anp HAROLD A. KAHN 


From the Office of Biometry and Epidemiology, National Eye Institute, Bethesda, Maryland, 
and Department of Epidemiology, School of Hygiene and Public Health, 


Johns Hopkins University, Baltimore, Maryland 


Caird, Hutchinson, and Pirie (1964) and Caird, 
Pirie, and Ramsell (1969) reported that senile 
cataract extraction was more common in diabetics 
than in non-diabetics living in the area of Oxford, 
England. In the 50-69 age group it was over 
seven times as common in diabetics as in non- 
diabetics. Senile cataract in the Oxford study was 
defined, by exclusion, as all cataracts except those 
associated with other ocular disease or general 
disease other than diabetes or attributed to conge- 
nital causes. 

'The object of the study reported here was to 
determine whether or not similar relationships 
hold in the United States. To achieve this we used 
hospital discharge data to estimate US age-race 
specific odds ratios of senile cataract extractions 
among diabetics to senile cataract extractions 
among non-diabetics. 


Patients and methods 


The Washington Hospital Center (WHC), Washington 
DC, was selected as a data source because it had à 
broadly based residency training programme assuring 
a wide variety of clinical material and also because of 
its accurate and detailed medical records. For example, 
for the period January to June 1972 the type of cataract 
(verified by the physician) was specified in the records 
on discharge of all but 2:6 per cent of the patients with 
cataract, while in other hospitals in the area the com- 
parable figure was 30 to 9o per cent. Information on 
all diagnoses on discharge, age, and race was obtained 
from WHC for all patients in whom the first listed 
discharge diagnosis (that is, the condition principally 
responsible for the patient's hospitalization) was senile 
cataract extraction, fracture, sprain, or strain during 
the period from July 1971 to June 1973. 

A second data source used was the 1972 Hospital 
Discharge Survey (HDS) conducted by the National 
Center for Health Statistics (NCHS), which produced 
about 225 000 medical abstracts from a stratified 
random sample of 424 short-stay non-federal hospitals 
(unpublished data from the 1972 Hospital Discharge 
Survey, National Center for Health Statistics). The 
cases taken from this survey were those with a first 
listed discharge diagnosis of cataract extraction; frac- 
ture, sprain or strain; haemorrhoids; and varicose 
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veins (the last two diagnoses were not readily available 
from WHC). Their classification was by age only, since 
information on race was not available for many dis- 
charges. 

WHC and HDS data differed slightly both in diag- 
nosis/operation coding and the number of diagnoses 
coded per discharge. The HDS records a maximum of 
five diagnoses and three operations and codes them 
according to the eighth revision of the International 
Classification of Diseases, Adapted for Use in the United 
States (ICDA). WHC records a maximum of six 
diagnoses or operations per discharge and uses the 
Hospital Adaptation of the International Classification 
of Hospital Diseases (H-1CDA). The diagnosis operation 
codes used are shown in Table I. 

The third data source used was the 1973 Household 
Interview Survey, National Center for Health Statistics. 
NCHS prepared, at our request, estimates of age-race 
specific rates for prevalence of diabetes (unpublished 
data from the 1973 Household Interview Survey, 
National Center for Health Statistics). We calculated 
age-race specific odds ratios to study the relationship of 
diabetes to the risk of senile cataract extraction. The 
odds ratio can be most easily understood by first con- 
sidering the following 2 «2 table subdividing the 
present total US population into four groups 


Cataract extraction 


Present Absent 
Ye | A | B | 

where A «= No. of diabetics who had cataract surgery. 

B = No. of diabetics who did not have cataract 
surgery. 

C = No. of non-diabetics who had cataract 
surgery. 

D = No. of non-diabeties who did not have 


cataract surgery. 
A/B = Relative odds of cataract* to non-cataract 
among diabetics. 


C/D = Relative odds of cataract to. non-cataract 


among non-diabetics. 
AB 
CiD 


risk of cataract the odds ratio will be larger than one. 


*'l'o save clumsy expression we will often use ‘cataract’ to designate 


i 


cases of senile cataract extraction and ‘non-cataract’ to designare 
cases without extraction, Clearly this paper deals with only a subset 


of all lenticular opacities. 


- is the odds ratio. Clearly, if diabetes raises the 
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Table I Diagnosis/operation codes 





Hospital Washington 
Discharge Hospital 
Diagnosis Survey Center 
(ICDA) (H-ICDA) 
Senile cataract in 374-9" 1742 
combination with and and 
lens extraction 14 12:4-12:6 
Fracture, strain, or 500-529 800-829 
sprain and and 
540-848 540-848 
Haemorrhoids $455 
Varicose veins of 
lower extremities 454 — 
Diabetes 250 250 





"Includes unspecified cataract 


An odds ratio of one implies no association. between 
diabetes and cataract and a ratio of less than one implies 
a negative association, The problem that confronts us 
is that we do not know the population values A, B, C, 
and D nor can we directly estimate the ratios A/B and 
C/D, since the total populations of diabetics and non- 
diabetics are difficult to sample. 

To derive an estimate of the odds ratio we classified 
samples of cataract cases (from hospital discharges) and 
non-cataract cases (hospital discharges for each of the 
controls described above) according to presence or 
absence of diabetes. The observed frequencies a, b, c, 
and d are defined as follows: 

First listed discharge 
diagnosis 


Cataract Fracture, ete 
Diabetes also listed yes a | b 
as discharge 
diagnosis no | e : d 
aíc AjC AIC 


with ;,;, as an estimate of <<... But since = 
b/d 3/1 1 


A/B ale 
43. 74 as also an estimate of the desired odds ratio 
C/D' bid “ : i 


A/B 


Cup This result is very dependent on whether or not 


ib 


our sample data do in fact provide good estimates of 
the specified population ratios A/C and B/D. This 
point will be explored further under ‘Discussion’. 
Confidence limits for odds ratios have been calculated 
according to Cornfield’s method as reported by Gart 
(1971). 


Results 


As shown in Table II, the WHC odds ratios have 
very wide confidence intervals at the ages of 
40-49 years but at ages 50-69 and 7o and over the 
confidence intervals are much narrower and the 
ratios are about 2 and r respectively. There is 


little difference between races. The Hospital 
Discharge Survey data, which are national in 
scope, show odds ratios for the relationship of 
diabetes to the risk of senile cataract extraction of 
4°7-~-7°3, 271-3:6, and o:s-1:1 for ages 40-49, 50-69, 
and 70 and over respectively. The HDS odds 
atios at age 40-49 are well within the previously 
mentioned wide confidence limits for the WHC 
odds ratios at this age. The odds ratios for 50-69 
and 7o and over are quite similar in both sets of 
data. 


Discussion 


Before discussing results we first examine whether 
we have satisfactory control groups. In a standard 
diabetes textbook (Marble, White, Bradley, and 
Kroll, 1971), trauma is mentioned only to conclude 
that it is not an aetiological factor in diabetes. The 
absence of any discussion of fractures under the 
various complications of diabetes suggests that 
they are not known to be more common in diabetics 
than in non-diabetics. A National Library of 
Medicine computer search failed to identify any 
references relating diabetes to fracture, sprain, or 
strain during the period January 1970 to August 
1974. 

Clearly, not all patients with fracture, sprain, or 
strain are hospitalized, and we need to consider 
whether those who are represent a biased selection 
from the viewpoint of presence of diabetes. Because 
of the increased problems in diabetes management 
associated with physical stress there probably is a 
greater tendency to hospitalize for fracture when 
diabetes is also present than when it is not. We 
observe that the prevalence of diabetes among 
WHC patients discharged for fracture, etc., is 
very close to the estimates of national diabetes 
prevalence from the Household Interview Survey. 
The prevalence of diabetes among patients dis- 
charged for fracture, etc., in the US Hospital 
Discharge Survey is somewhat lower than the 
national prevalence estimates based on household 
interviews, Thus, although we suspect an upward 
bias in diabetes prevalence among hospital fracture 
cases as compared to all fracture cases, which is in 
the direction of making our estimated odds ratios 
too low, we do not believe that this bias is very 
strong. 

The use of ‘fracture, sprain, or strain’ as a 
control may be criticized because fracture is 
usually associated with a surgical emergency 
while cataract is an elective procedure. Thus this 
control group might not be as suitable as some other 
selected on the basis of elective surgery. Therefore, 
we have included two additional control groups, 
both from the elective surgery category: haemorr- 
hoids and varicose veins of lower extremities. 














Senile cataract extraction and diabetes 28% 
Table II Odds ratios for senile cataract extraction : diabetics compared with non-diabetics. 
da f serk ^ ) vo"— ! Y A pa 3x: Pa n : Il hy ^w / t PY i 
Hospital Discharge Survey (ICDA) 1972 data by age*. Washington Hospital Center (H-ICDA), 
July 1971 to June 1973 data by age and race 
dnt eee AMATEUR ERROR ALANI RERBA UHR PT SPT HNO A SE NU TOS AAAA SLMS HENSON PETS OW NS HONEA 
Age 40-49 Age 50-09 Age yo 
" No. of patients No. of patients No, of patients 
F rst 2th diabetes with diabetes teith diabetes 
- listed also listed 95 per cent also listed 95 per cent. also listed oS per cent 
Study discharge — Odds confidence -———————— Odds confidence Adds confidence 
population diagnosts Yes No ratio interval Yes No ratio interval Yes No ratio interval 
HDS (ICDA) Cataract 7 33 — — 55 552 M ne 53 E M xu LN 
(Race not known) Fractures, etc. 30 106 +7 (r8S-119) 84 1927 a3 (16-33) 102 1712 rey {oyeg} 
Haemorrhot ds 2 165 —t —(2z0-785) 12 251 at (117472) 8 67 os for zb 
an l Varicose veins 6 330 4*3 (2:1-25:6) 396 3°6 (pey) 5 "m o9 fo yea NJ) 
WHC (H-ICDA) | 
White Cataract 4 — — 52 480 — $5 805 
i l Fractures, etc, 2 113 —t — (o04-17:9) 9 167 zo (c9-p5) I5 183 o9  (os-r8) 
Non-White Cataract 6 15 — — 32 37 — — 21 144 - 
Fractures, etc. 3 110 —tTo (8-847 13 12; 2 (ripe 7) 6 52 13 (o3 7) 


eT ORIENTE AASTETEL E EEEa TE 
*Sample counts adjusted according to sampling weights for each diagnosis within given age group 
+Not shown because of small sample size (fewer than § cases in one or more cells) 


Recognizing that cataract patients will be older 
than fracture patients, we have tried to adjust for 
this by reporting age-specific data. For cases in the 
Hospital Discharge Survey the average age of 
the cataract cases compared to the average age of 
the fracture cases is 46'1-44:4, Ó62:1-59:3, and 
77:4—79:8 for the age groups 40-49, 50-69, and 
7o and over respectively. The Washington Hospital 
Center data reflect average ages and age differences 
almost identical to those shown for the Hospital 
Discharge Survey. Although these differences 
exist they are small, and we think any bias resulting 
from them would be trivial. 

Since cataract extraction outside a hospital was 
rare or non-existent in the US during the period 
reported, hospital discharges for cataract extraction 
should represent new additions to the aphakic 
population rather well. Of course, possibly the 
persons discharged from a particular hospital after 
cataract surgery are a biased representation of the 
cataract surgery cases in the community. They 
may be, for example, richer or poorer than the 
total. However, one of the strengths of this study 
is that the controls are from the same hospitals as 
the cataract surgery cases. Thus, if we have cataract 
cases that are wealthier than average probably we 
also have economically privileged controls. 

There is a real possibility that the presence of 
cataract increases the probability of diabetes being 
diagnosed, assuming that it 1s present, and vice 
versa. This bias of ascertainment would tend to 
increase the estimated odds ratios. In the absence 
of specific information, we judge this factor as 
present to only a minor degree. 

On the basis of all the above facts we think that 
our control groups are comparable with the cataract 
patients in age-specific categories as presented. We 
should therefore have reasonably good estimates 


of the relevant population ratios required for our 
estimates of risk associated with diabetes. 

We have used the published Oxford data (Caird 
and others, 1969) to estimate odds ratios for men 
and women combined of 7:9 for age 50-69 and 
4°3 for age 7o or over. Our data (Table 11) show 


and of about one at age 7o or over. Thus, our 
results clearly show a lesser importance of diabetes 
as a cataract risk factor at ages over 49 than the 
Oxford study. This is true whether we compare 
the Oxford data to the White population from the 
Washington Hospital Center or to our national 
data which include non-Whites. In all instances 
our 95 per cent confidence intervals fail to include 
the Oxford estimates of risk. 

Curiouslv, our data do not differ greatly from 
the Oxford data with respect to how common 
diabetes is among those with cataract extractions, 
but differ sharplv as to the general prevalence of 
known diabetes (Table HD. The Oxford estimates 
of known diabetes prevalence of pz per cent at 
ages 50-69 and 1:8 per cent at ages over 70 have 
been criticized as understating the true prevalence 
(Ciba Foundation Symposium 19, 1973). IE the 
criticism is valid the Oxford estimates overstate the 
risk, and they may, in fact, not be essentially 
different from ours. 

Although we found little difference in odds 
ratios between Whites and non-Whites, diabetes 
prevalence does differ by race, and readers are 
cautioned that the data for all races in Table IH 
include only about 13 per cent non-Whites for 
the US national studies (Current Population 
Reports, No. 511, 1974) such as Hospital Discharge 
Survey or Household Interview Survey but 33 per 
cent non-Whites for Washington Hospital Center. 

A study in Copenhagen (Norm, 1967) estimated 
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Table I Prevalence (rate per cent) of known diabetes* by age and race 








Controls 
Among hospital discharges after Among hospital discharges after 
senile cataract extraction fractures, etc. General survey data 
US Hospital Washington US Hospital Washington US Household 
Discharge Hospital Oxford Discharge Hospital Oxford Intervieso Oxford Study 
Center Study! Survey Center Study Survey* (working party) 
Age 50-69 
races 9'1 12'0 4a 70 —, 5°6 
White — 9:8 1r8 — S'I — s va 
Non-White — 18-9 — — 95 — 8:4 
Age 70+ 
All races éo 8-2 1-6 8:a — 8-2 — 
White — 7o 9'7 — T6 — 79 r8 
Non-White — 127 — — I0'3 — 10'7 





*Includes cases diagnosed in hospitals at time of cataract 


surgery 
1 Unpublished data from US Hospital Discharge Survey, National Center for Health Statistics, 1972 


2 Caird, F. I., Hutchinson, M., and Pirie, A. (1964) 


3 Unpublished data from US Household Interview Survey, National Center for Health Statistics, 1973 


a fourfold increase in risk of cataract extraction due 
to diabetes and a study in Mainz’ Marquardt and 
Kirschbaum, 1971) estimated a tripling of risk. 
We cannot readily compare these results with ours 
since the Copenhagen data are not age-adjusted 
and the Mainz study did not clearly specify the 
control group used. 

Our finding that diabetes may be a strong risk 
factor for cataract extraction below age so is in 
keeping with a nonquantified statement to this 
effect in a recent diabetes text (Ellenberg and 
Rifkin, 1970). ] 


Summary 


A study of hospital discharge diagnoses from both 
national data and data from a local medical centre 
indicates that diabetes substantially increases the 
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Pigmented lens striae 


GEORGE D. STURROCK axpn RAMESH C. 
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In his atlas of slit-lamp microscopy of the eye 
Vogt (1931) described an unusual condition of 
fine brown radial lines on the anterior lens capsule 
in the mid-periphery behind the iris. Because 
pupillary membrane remnants were present in 
three patients he concluded that the striae repre- 
sented persistent tunica vasculosa lentis—a view 
supported by Lugli (1933), Streiff (1935), Bischler 
(1939), Vogt (1942), and Bellows (1944) when 
reporting further examples of this condition. 
Cowan (1961), however, suggested that some cases 
of ‘retroiridic lines’ might represent congenital 
deposition of pigment on zonular fibres. In the 
absence of any histological study, the precise 
nature of the pigmented lens striae remained 
unresolved. 

number of patients with these pigmented lens striae. 
since their morphology and distribution. seemed 
inconsistent. with a diagnosis of persistent tunica 
vasculosa lentis we examined three of the lenses by 
electron microscopy. This paper correlates for the 
first time the clinical with the ultrastructural 
features of pigmented lens striae. 


Patients and methods 


Pigmented striae on the anterior lens capsule were 
seen in six women and one man aged between 51 and 
87 years. Two of the patients had chronic glaucoma, 
one had a retinal hole, and four were in hospital for 
cataract surgerv. The lenses from three of the patients 
with cataracts were processed for examination by 
electron microscopy. 

In the first patient chymotrypsin was used to dissolve 
the zonule before removal of the lens. The lenses of the 
other two patients were extracted without the use of 
this enzyme. The lens in one case was delivered with 
capsule forceps, taking care to grasp the capsule some 
distance away from the previously determined position 
of the pigmented striae. In the third patient the lens 
was removed with a cryoprobe, purposely freezing on to 
the capsule at the site where striae had been noted 
preoperatively. 

The extracted lenses were fixed immediately in 
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isotonic buffered glutaraldehyde (2:5 per cent solution) 
The pigmented striae were identified under a dissecting 
microscope, tissue blocks were postfixed in 1 per cent 
buffered osmium tetroxide solution and, after dehyvdra- 
tion, were finally embedded in Araldite. Using glass 
knives, sections were cut on an LKB Ultratome HH at 
about right-angles to the long axis of the striae. Thin 
sections were stained with uranyl acetate and lead 
citrate and micrographs were taken with a JOEL 1o0o€ 
electron microscope. 


Results 


In all seven patients the pigmented striae could be 
seen only when the pupil was dilated. They were 
situated on the anterior lens capsule in the mid- 
periphery, predominantly on the nasal side (Fig. 1). 
Although arranged in a basically racial manner, 
some striae forked at an acute angle (Fig. 2). The 
number of striae visible varied from only three or 
four in some patients to several dozen in others. 
Individual striae appeared as very fime straight 
lines of uniform width a millimetre or more in 
length. In two patients with pigment speckling of 
the anterior lens capsule some striae had a beaded 
appearance due to small deposits of pigmented 
particles. Most striae were dark brown in colour 
in focal illumination, although in one patient fine 
translucent grey striae were also visible, 

The three extracted lenses were examined under 
a dissecting microscope. No striae could be found 
on the lens which was extracted after irrigation of 
the posterior chamber with chymotrypsin. Striac 
were seen, however, on the two lenses removed 
without the use of chymotrypsin (Fig. 3). 

Analysis by electron microscopy showed that 
the pigmented striae consisted of variable-sized, 
electron-dense, round or oval granules entrapped 
in bundles of fine fibrils. Sections along the length 
of the striae showed that near their termination 
the fibrillar bundles were in close contact with the 
lens capsule (Fig. 4) whereas peripherally they were 
separated from the surface of the lens capsule 
(Fig. 5). The fibrillar bundles were composed of 
numerous fine filamentous structures cut trans- 
versely or obliquely; the individual fibrils varied 
from 12-15 nm in diameter and had a faint axial 
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periodicity of 20-25 nm (Fig. 6). The electron- 
dense pigment granules were irregularly dispersed 
along the fibrillar bundles, and at higher magnifi- 
cation appeared to consist of finely particulate or 
amorphous material and occasional granules showed 
fibrillar profiles (Fig. 6). No cell organelles were 
seen in relation to these granules. 


Discussion 


A review of the 70 reported cases of pigmented 
lens striae shows that they occurred most often in 
middle-aged and elderly patients, of whom So 
per cent were women. Except for a girl aged 17 
(Vogt, 1942) and a young man of 27 (Bellows, 
1944), the 70 patients were aged between 40 and 
57 year.. The striae were bilateral in over half the 
cases, although more pronounced in one eve. 
Most authors have commented on the predomi- 
nantly nasal disposition of the striae, which re- 
mains unexplained. 

The older-age incidence of pigmented lens 
striae .trongly suggests that the pigmentation is 
acquired, the most likely source being the pigment 
layer of the iris. In support of this is the observation 
that when the pupil can be dilated sufficiently 
pigmented lines are often seen to terminate before 


FIG. 1 tainting to show radiel 
disposition of pigmented striae on 
mid-periphery of antertor lens capsule. 
Pigment speckling also visible in same 
region. Right eve of woman aged 70 
with chronic simple glaucoma and 
shallow anterior chamber 


reaching the extreme periphery of the lens, which, 
owing to its backward curvature, is not usually in 
contact with the iris. Examination of the lens in 
four patients with congenital aniridia showed no 
sign of pigmented lens striae (Iwaszkiewicz- 
Bilikiewiezowa and Janukowiczowa, 1969). 

In many of the reported cases of pigmented 
lens striae there was evidence of generalized pig- 
ment dispersion in the anterior segment. Lugli 
(1933) mentioned pigment deposition on Desce- 
met's membrane in a patient with iris atrophy 
and pigmented lens striae, and Bischler (1939) 
described pseudoexfoliation (commonly associated 
with pigment dispersion) in one patient with pig- 
mented lens striae and a Krukenberg spindle in a 
second patient. Stankovic and Stankovic (1962) 
noted much pigmentation of the trabecular mesh- 
work and raised intraocular pressure (without 
held loss) in nine out of 14 patients with pigmented 
lens striae, none of whom had pseudoexfoliation 
or a Krukenberg spindle. 

The illustrations of Vogt (1931) of pigmented lens 
striae also show non-pigmented, greyish translucent 
striae in some of his patients. Similar non-pig- 
mented striae were described by Lugli (1933), 
Bischler (1939), Bellows (1944), and Berliner 
(1949) in patients with pigmented lens striae, and 


they were also seen in one of the seven patients 
presented here. These grey striae resemble the 
condition called Strahlenkranstriibung | originally 
described in glass-workers by Schlapfer (1930) 
and Vogt (1931). Subsequently Abramowicz (1933) 
and Bücklers (1939) found the same condition in a 
high proportion (go per cent and 72 per cent 
respectively) of patients not engaged in glassmaking 
or foundry work. 

The grey striae of Strahlenkranztriibung are not 
visible in the zone of specular reflection from the 
anterior surface of the lens, and were therefore 
subcapsular by Vogt (1931), 
Abramowicz (1933), and Biicklers (1939), who did 


assumed to be 


not relate them to pigmented lens striae. Abramo- 
wicz (1933), however, found pigmented lens striae 
associated with grey striae in one patient and in 
another noted that an incomplete ring of grey 
striae, concentric with the pupil, was interrupted 
only at the site of an iridectomy performed 13 
vears previously for glaucoma. Bischler (1939) 
recorded the almost total disappearance of bilateral 
lens striae, some grey-blue and some pigmented, 
atter bilateral iridencleisis procedures performed 
in à woman of 66. In both of these patients intra- 
ocular surgery may have disturbed their lens 
Striae, suggesting that the non-pigmented striae 
were, like the pigmented lens striae, situated on the 
surface of the capsule. Bischler also described the 
spontaneous disappearance of well-marked pig- 
mented lens striae 15 months after they were first 
observed in a woman of 45 who presented with 
presbyopia. Possibly, therefore, the grey striae of 
Strahlenkranstriibune are similar in nature to the 
non-pigmented striae sometimes associated with 
pigmented lens striae. 

Electron microscopical analysis clearly shows 
that pigmented lens striae are formed by pigment 
granules trapped within the fibrillar bundles of the 
zonules. The absence of any other cellular compo- 
nents associated with the pigment granules sug- 
gests that they entered the zonular bundles as 
free-floating probably not 
deposited by wandering cells or elaborated locally. 
The morphological appearance of the granules 
seems consistent with an origin from the uveal 
tract, the pigment layer of the iris being the most 
likely source (Feeney, Grieshaber, and Hogan, 


pigment and were 


1905). 

Pigmented lens striae can be 
clinically from conditions such as ‘persistent pupil- 
lary membrane’, posterior synechiae showing as 
pigmented streaks after mydriasis, and pseudo- 
exfoliation associated with pigment dispersion. 
The mesodermal strands of a ‘persistent pupillary 
membrane’ are much coarser than pigmented lens 
striae and rarely have a strictly radial orientation. 
The strands, which may be multiple to form a net- 


differentiated 
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FIG. 2 


near margin of dilated pupil (white zone). Note acuti 


Slit-lamp photograph of pigmented lens striai 


forking of some striae. Left eve with retinal hole oj 
man aged 66, ( œ © So) 





Macrophotograph of extracted lens showing 
pigmented stria which forks (arrou 
anterior lens capsule. Epithelial cells and lens fibi 
visible in the backgrornd, ( = 70) 


FIG. 3 


at insertion into 


like pattern, are almost invariably attached to the 


iris collarette. Mydriasis comm ds alters the 
disposition of pupillary 
usually distensible and stretch with thi 


Pupillary strands may 


strands since thev are 
pupil 


coexist with pigmented 
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FIG. 4 Electron microgreph of pigmented lens stria in section near attachment to lens capsule (LC). Stria consists 
of fine fibrils (cut transversely and obliquely) with characteristics of fibrils of zonular bundles. P= trapped pigment 
granules. (Fixed GA OsO4, stained UA LC. - 60 000) 
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FIG. 3 Electron micrograph of pigmented lens stria in section at region peripheral to attachment showing spatial 
relationship of stria with lens capsule (LC). Note numerous pigment granules ( P) entrapped by the fibrillar 
component of the stria. (Fixed GA OsO4, stained UA LC, 22 800) 
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lens striae as in three of Vogt's cases (Vogt, 1931). 

The pigmented streaks of posterior synechiae 
are situated more centrally on the lens than pig- 
mented lens striae and are attached to the pupil 
margin. They are also much broader than striae 
and their postinflammatory origin 1s usually evi- 
dent. 

The diagnosis of pseudoexfoliation is suggested 
by the presence of blue-grey floccules on the pupil 
margin and confirmed by dilating the pupil to 
reveal the characteristic peeling sheets of pseudo- 
exfoliative material on the lens surface with an 
annular clear zone corresponding to the resting 
position of the pupil. Pseudoexfoliation may also 
coexist with pigmented lens striae (Bischler, 1939). 
Ultrastructurally there is little doubt that the fine 
fibrillar bundles analysed in specimens belong to 
the zonular system (Hogan, Alvarado, and Weddel, 
1971; Raviola, 1971; Takei and Odzanics, 1975), 
and they could be differentiated from the coarse 


and haphazardly arranged collagenous fibrils of 


pupillary membranes (Matsuo and Smelser, 1971). 
Pigmentation of zonular fibres on the anterior lens 
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capsule renders them visible with the biomicro- 
scope and also shows that some fibres are inserted 
more centrally on the anterior lens capsule than is 
commonly described (Duke-Elder, 19611. 


Summary 


The clinical features of pigmented lens striae were 
studied biomicroscopically in seven patients. The 
lenses of three of these, obtained by cataract 
surgery, were examined by electron microscopy 
to determine the structure of the striae. We con- 
cluded that the striae are not formed by remnants 
of tunica vasculosa lentis, as earher workers 
believed, but consist of fine fibrils of zonular 
bundles entrapping pigment granules of uveal 
Origin. 
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Familial syndrome of diabetes insipidus, diabetes mellitus, 
optic atrophy, and deafness (didmoad) in childhood 
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Marquardt and Loriaux (1974) describe a kinship 
of two siblings with the combination of diabetes 
mellitus, diabetes insipidus, and optic atrophy 
in which there was additional evidence of renal 
tract dilatation, amino-aciduria, and neurosensory 
hearing deficit. T'hese authors cite 41 cases of optic 
atrophy and diabetes mellitus reported since an 
association of these conditions was first described 
by Wolfram (1938). Damaske, Cohen, Gutman, 
and Schumacher (1975) reassess these and three 
more cases to review a full syndrome of diabetes 
mellitus, diabetes insipidus, and optic atrophy. A 
total of 22 cases of the full syndrome are presented 
in these two publications. 

Combining the information in these two publica- 
tions the full syndrome consists of diabetes mellitus, 
diabetes insipidus, optic atrophy, neurosensory 
deafness, urinary tract abnormalities (such as 
hydroureter and neurogenic bladder, probably 
secondary to diabetes insipidus), and amino- 
aciduria. Several cases have also had retinal pigment- 
ary disturbance, ataxia, gynaecomastia, intermittent 
or complete amenorrhoea, hypoandrogenicity, and 
episodic seizures. 

The onset of diabetes mellitus in all of these cases 
was in infancy or youth. Often two or more siblings 
were affected but no other members of the family 
were involved, save occasionally for a history of dia- 
betes mellitus in the family. The sexes were equally 
` affected (Damaske and others, 1975), and although 
diabetes mellitus usually preceded both diabetes 
insipidus and optic atrophy this was not always so. 
The diabetes insipidus often remained undiagnosed 
until the children continued to have polyuria 
despite effective therapy for their diabetes mellitus. 
The severity of each of the three major findings 
(diabetes mellitus, diabetes insipidus, and optic 
atrophy) varied, although diabetes mellitus seems 
to be a constant finding (Sunder, Danowski, 
Kenny, Khurana, Sun, Nolan, and Stephan, 1972). 
The other findings in these patients such as neuro- 
sensory deafness, urinary tract abnormalities, and 
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amino-aciduria were also highly variable, but may 
have been missed in earlier cases (Tunbridge and 
Paley, 1956). 

No patients with this syndrome have come to 
necropsy, although two have undergone craniotomy. 
In these (Sunder and others, 1972; DeLawter, 
1949) the only abnormal findings were arachnoiditis 
in the region of the optic chiasm. Single cases of 
the syndrome have occurred at the age of 14 after 
head trauma (Chute, Rebham, Bain, and Kruyff, 
1962), with haemorrhagic softening of the hypo- 
thalmus (Chute and others, 1962), and after a 
prolonged febrile illness of unknown origin (Rose, 
Fraser, Friedmann, and Kohner, 1966). One case 
has been reported of a patient with Laurence- 
Moon-Biedl syndrome who also had diabetes 
mellitus, diabetes insipidus, and optic atrophy in 
addition to retinitis pigmentosa (Faccaro and 
Gastaldi, 1952). 

The combination of diabetes mellitus, diabetes 
insipidus, and other less common pituitary abnor- 
malities strongly suggests that the causative lesion 
is in the region of the hypothalmus, but the patho- 
genesis remains a mystery. The frequent involve- 
ment of siblings is strong evidence for a genetic 
origin, although there is only one report of the 
condition affecting more than one generation (Shaw 
and Duncan, 1958). The mode of the inheritance, if 
it is indeed a single genetic abnormality, would be 
most consistent with an autosomal recessive gene 
(Rose and others, 1966; Sunder and others, 1972; 
Bretz, Baghdassarian, Graber, Zacherle, Norum, 
and Blizzard, 1970). 

For convenience we refer to this condition as 
the DIDMOAD syndrome, from the initial 
letters of the component disorders: Diabetes 
Insipidus, Diabetes Mellitus, Optic Atrophy, and 
Deafness. We report two siblings with the syn- 
drome. They are the 23rd and 24th reported cases 
of the primary triad. 

Case reports 


CASE I 


A. boy aged 13 was referred to the University Hospital, 
Iowa City, in March 1974 with a history of recurrent 
enuresis, which had begun about rà years before, 
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frequency of micturition (about every two hours) and a 
high daily fluid intake. Past medical history was un- 
eventful save for gradually deteriorating visual acuity 
over about the preceding two years. The patient had 
had visual acuities of 20/20 in each eye when at kinder- 


om) 


Familial syndrome in childhood 298 







rig. r  Fisual fields in Case 1, 
18 Yuliy 1974 














pallor’. In 1972 the acuity was about 20/100 in each eve. 
An intravenous pyelogram before referral had shown 
severe hydronephrosis and a large bladder, and a 
micturating cystegram had shown much reduced 
bladder function. 

On admission to the University Hospital the urinary 
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findings were confirmed, and on cystourethroscopy a 
valve-like obstruction was seen in the region of the veru 
montana. Urine volumes appeared to be unusually 
large and urinary specific gravities unusually low. 
Daily urine output was about 11 litres. The child was 
referred for consideration of diabetes insipidus. A 
water deprivation test was strongly positive, with 9 
hours of water deprivation resulting in an increase in 
urinary specific gravity from 1001 to only 1004 and a 
loss of body weight of a kg. À pitressin stimulation test 
showed a rise in urinary specific gravity to 1022 and a 
maximum urine osmolality of 454 mOsm. In view of the 
recent onset of diabetes insipidus in association with 
bilateral optic atrophy a full neurological investigation 
was done to exclude mass lesions in the region of the 
sella turcica, Clinical examination was normal save for 
bilateral optic atrophy. Skull and chest radiographs were 
interpreted as normal, as also were brain scan, spinal fluid 
examination, EEG, optic foraminae radiographs, and 
EMI scan. A right carotid angiogram was normal save for 
slight upward tilt of the anterior cerebral artery, which 
was of doubtful significance. Pneumoencephalography 
was interpreted as normal. À random blood sugar investi- 
gation was reported as abnormal, and a glucose tolerance 
test showed evidence of clinical diabetes mellitus. 
Treatment was begun with diet and insulin, although 
insulin was later discontinued. 

Visual acuities were 20/200 in each eye for distance, 
improving to 20/100 in each eye for near, and to 20/70 
when tested binocularly for near. Anterior segment 
examination was completely normal, as were ocular 
motility, intraocular pressure, and pupillary examination 
(although later pupillography showed minor reduction 
in the pupillary light reaction and increase in the latency 
of this reaction). There was bilateral optic atrophy and 


FIG, 2 Visual field in Case 1, 
19 June 1975 


minimal pigment mottling at both maculae. Visual 
fields showed bilateral dense central scotomata and 
arcuate type defects (Fig. 1). There was a dense achro- 
matopsia consistent with the degree of visual acuity 
and visual field loss. Fluorescein angiography was 
normal. Serum cortisol levels were reduced at 13:1 
(8 am) and 8:8 ugjroo ml (10 am), the normal range for 
this laboratory being 10-22 pug/roo ml for morning 
specimens. T, Ta and T, radioimmunoassay were all 
normal. Serum biochemical values and haematology 
scan were unremarkable save for raised blood sugar. 
Audiography showed no hearing loss. 

The patient was discharged with a diagnosis of (a) 
pitressin-sensitive diabetes insipidus; (6) chemical 
diabetes mellitus; (c) bilateral optic atrophy; and (d) 
bilateral hydroureter and bladder dysfunction, probably 
secondary to diabetes insipidus. 

Treatment at that time consisted of pitressin injec- 
tions, urocholine, and urinary antibiotic. This treatment 
remained essentially unchanged until May 1975, when 
the diabetes mellitus had become more apparent with 
blood sugars in the region of 335—411 mg/1oo ml. Oral 
hypoglycaemic therapy was inadequate and insulin 
treatment was begun. Regular ophthalmological review 
showed no change in visual acuity, motility, or appear- 
ance of the anterior or posterior segment, but there 
was some evidence of further left visual field loss at the 
last review in June 1975 (Figs 1 and 2). 


CASE 2 


A 16-year-old girl, sister of the patient in Case 1, was 
first examined at University Hospital in July 1974. 
There was a long history of high daily fluid intake and 
polyuria, but otherwise the medical history was normal 
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up to the age of 12 years. At that time a diagnosis of 
diabetes mellitus had been made and treatment begun 
with insulin. Despite treatment high fluid intake and 
polyuria persisted and resulted in her referral to us 
after we had seen her brother for similar symptoms. 

'The patient's height and weight were normal for her 
age, and there was no abnormality on general clinical 
examination save for bilaterally pale optic discs and 
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riG, 3 Visual fields in Case 2, 
17 July 1974 





glycosuria. Haematological and biochemical investiga- 
tions were normal except for a raised random blood 
sugar of 218 mg/1oo ml. Chest and skull radiographs 
were normal T, was normal (7-7 ug/roo mi) and 
there was no evidence of growth hormone or gonado- 
trophin deficiency. An intravenous pvelogram showed 
bilateral hydronephrosis with good renal function, 
and a cystometrogram showed a dilated bladder with 
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residual urine. Urine specific gravities throughout her 
stay in hospital remained in the region of 1:013 or less. 
The results of a water deprivation test were equivocal 
and though the patient probably had diabetes insipidus 
the condition was mild and certainly did not require 
pitressin therapy. 

The visual acuities were 20/70 right eye and 20/50 
left eye with maximum correction. Anterior segment 
examination was normal, as were Ocular motility, 
intraocular pressure, and pupillary examination. Fun- 
doscopy showed bilateral, though minor, optic atrophy, 
especially at the temporal margin of the discs. The 
visual fields showed bilateral arcuate defects of fairly 
minor degree (Fig. 3). Colour vision and fluorescein 
angiography were normal. The patient was discharged 
with a diagnosis of (a) clinical diabetes mellitus, (b) 
bilateral optic atrophy, (c) bilateral hydronephrosis and 
dilated bladder with residual urine, and (d) possible 
borderline diabetes insipidus. 

Treatment at this time was insulin and urocholine. On 
follow-up there was no real alteration in symptoms or 
signs and, in particular, there was no change in ophthal- 
mic findings and no apparent progression of visual 
field or acuity deficits. An audiogram was normal save 
for some loss in the higher frequency range (Fig. 4). 


FAMILY HISTORY 


Both these children were the result of normal preg- 
nancies and, apart from the usual childhood diseases, 
they had suffered no serious illnesses. Diet for the 
affected cases, as for the entire family, was normal and 
complete, and there was no history in either case of 
any significant previous trauma. The affected children 
were two of four siblings. After full ocular examination 
of both the unaffected siblings, both parents, and all 
of the parents’ siblings, including visual acuity, Gold- 
mann visual field, and fundus examination, there was 
no evidence that any other member of the family was 
visually affected (Fig. 5). 


Conclusion 


A hereditary syndrome probably exists consisting 
of (a) diabetes insipidus, (b) diabetes mellitus, 
(c) optic atrophy, and (d) deafness. The severity 
of each of the parts of this syndrome is variable, 
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and different patients, even within the same kinship, 
show differing clinical patterns. The primary 
triad, however, is present often enough for it to be 
advisable to make a careful search for the full 
spectrum of abnormalities in children (and their 
siblings) presenting with diabetes mellitus and 
optic atrophy. The pathogenesis of the syndrome 
is unknown, but it may be that it is familial, and 
if genetic, the inheritance is most probably auto- 
somal recessive. 
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Immunoglobulins in endogenous uveitis 


M. S. NORN 


From the Ophthalmological Department, Kommunehospitalet, Copenhagen 


Plasma electrophoresis gives information on the 
albumin and globulins in the blood. Globulin 1s 
divisible into o, %, 5,, Ba, and y globulin. Gamma 
globulin is immunoglobulin, which again is divis- 
ible into immunoglobulin G (IgG), immunoglo- 
bulin A (IgA), and immunoglobulin M (IgM). 

Goodner (1968) found that the gamma globulin 
level was often raised in anterior uveitis, but that 
it was often lowered in posterior uveitis. 

Aronson (1968) showed that IgM levels could 
be raised in uveitis. Among 37 patients with acute 
unilateral iridocyclitis he found that 34 had raised 
levels of IgM and 17 lowered levels of IgG. The 
method used, however, was simple qualitative 
serum electrophoresis. 

Raised IgM represents a genetically-determined 
tendency towards rheumatic reaction. (Aronson, 
Elliott, Moore, and O'Day, 1970). Aronson even 
suggested that some individuals (those who had 
had raised levels of IgM since birth) were liable to 
get endogenous uveitis, but not herpes, while 
those with lowered levels of IgA might become 
affected with herpes, but not uveitis. 

Vasinca (1971) likewise found that the gamma 
globulin level was raised in uveitis, while the 
albumin level was found to be lowered, but signifi- 
cant values were found only in acute iritis. 

Koliopoulus, Perkins, and Seitanides (1970) 
found levels of IgM were raised in four cases of 
uveitis, but not in 13 cases of retinal vasculitis 
without uveitis. The method employed was that 
of radial immunodiffusion. 

Ghose, Quigley, Landigan, and Asif (1974), on 
the other hand, likewise using the radial immuno- 
diffusion technique, found normal immunoglobulin 
values in serum from five patients with uveitis. 

The object of the present study was to estimate 
the immunoglobulin values in different forms of 
uveitis by the most accurate quantitative method. 


Material and method 
The clinical series comprised all patients with endo- 


genous uveitis (a total of 300) referred to the Ophthal- 
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mic Outpatient Department, Rommunehospitalet, dur- 
ing the period 1968 to 1974. 

The age incidence is shown in the Figure. The 
average age was 46:8 vears, and 58 per cent of the 
patients were men. The tvpes of uveitis are shown in 
Table I. 

Blood examinations were carried out routinely on the 
first visit. The proteins were estimated quantitatively 
by immunochemical plasma-electrophoresis using the 
‘rocket method’ (Laurell, 1966). 

The principle of the method ts that the antigen 
(for example, IgM) is subjected to electrophoresis in a 
gel containing the specific antibody concerned. The 
distance from application hole to peak of the rocket is 
measured and compared with the peak height of a 
corresponding antigen standard. 

Neither age nor sex variations were shown for anv 
of the three immunoglobulin categories in 99 normal 
subjects (Weeke, 1968). 

The following normal values were employed in the 
present report: 

Albumin: 36-51 gil IgG: 3-8-1430 gd dg: 
o:6—3:4 gil, IgM: ogera gil. 

These figures represent a 9s per cent range using 
our own method developed on blood donors. 


Result 
Abnormal immunoglobulin levels were found in 


some patients with endogenous uveitis. Levels of 
IgM were raised in 10 per cent, IgA in 17 per cent, 
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and IgG in 24 per cent. In 39 per cent of patients 
one or more of these immunoglobulins showed 
pathologically raised levels. 

The uveitis series under review did not therefore 
confirm Aronson’s observation of a particularly 
high incidence of raised IgM. In this series levels 
of IgA, and especially IgG, were more often raised 
than levels of IgM. 

Lowered levels were found for IgM in 7 per cent, 
IgA in x per cent, and IgG in o'3 per cent of the 
300 patients examined. 


UVEITIS TYPE 


The immunoglobulin level was more often raised 
in relation to anterior uveitis than to the posterior 
form (Table I) In the group of patients with 
anterior uveitis 44. per cent showed an increase in 
one immunoglobulin or more, compared with 24 
per cent of the group with posterior uveitis 
(Student's ¢ test, P « oor). 

The results in fibrinous iritis were the same as 
in the other anterior uveitis cases. This was unlike 
the erythrocyte sedimentation rate (ESR) which 
was found to be raised, particularly in cases of 
fibrinous iritis (70 per cent compared with 48 per 
cent in cases of non-granulomatous iritis, P < o-or). 

The difference between anterior and posterior 
uveitis was particularly marked for IgA (21 per 
cent raised in anterior uveitis compared with 5 
per cent in posterior) and for IgG (27 compared 
with 14 per cent), but not for IgM (11 compared 
with 9 per cent), raised levels of which were 
evenly distributed within the individual diagnostic 
groups. 

Elevated immunoglobulin levels were found 
more frequently in cases in which the uveitis was 
associated with a general disease than in cases in 
which uveitis alone was present. 

Thus, raised levels were measured for one 


Table I Raised values for immunoglobulin A, G, or 
M in relation to different uveitis types (percentages) 

















. Immuno- Patients 
Uveitis globulin® IgG IgA IgM (mo) 
Acute fibrinous iritis 40 24 18 12 68 
Non-granulomstous 

subacute iritis SI 30 25 rr 83 
iritis 52 38 19 5 ai 
Glaucomatous iritis 53 37 27 XX 19 
Hypopyon, 
panophthalmia 24. 15 15 12 33 
Choroiditis centralis 24. 13 vi J 45 
Choroiditis 
juxtapapillaris I5 o o ra 8 
Peripheral choroiditis 30 22 4 13 23 
Total 39 24 17 10 300 


0 — P a a NAR 
*One or more immunoglobulins raised 


immunoglobulin or more in 6o per cent of 45 
patients having general diseases (chronic rheuma-~- 
toid arthritis, spondylarthritis ankylopoietica, tuber- 
culosis, syphilis, or gonorrhoea) compared with 
only 35 per cent of the remaining 255 cases 
(P « o-or). ` 

Neither dilated retinal veins nor optic disc 
oedema was found to be associated with raised 
immunoglobulin levels. As only 4 per cent of the 
total cases of uveitis had been treated with systemic 
steroids, such treatment would have had little 
influence on the results. 


PROGNOSIS 


Immunoglobulin levels were looked at in all 
patients of the series after they had been classified 
on the basis of the poorest visual acuity recorded 
during the course of the uveitis. Of patients with. 
a visual acuity of 6/18 or less 43 per cent had 
raised levels of one or more immunoglobulins, 
compared with 35 per cent of patients who had 
better vision. The difference was not significant. 

No correlation was noticed between number of 
attacks of uveitis and immunoglobulin levels. 

Bilateral attacks were more often associated with 
elevation of one or more immunoglobulins (bilateral 
in 47 per cent, unilateral in 35 per cent, P <o'o5). 
The correlation with bilateral attacks seemed to 
involve IgM and IgG, but not IgA. 


AGB INCIDENCE 


The series was classified in 10-year age groups 
(Table II) All the immunoglobulins and the 
ESR showed a tendency to rise with increasing age. 
The difference was significant for IgA (20 per cent 
of those aged under 40 years had raised levels 
compared with 28 per cent aged over 40 years, 
P«o05), for one or more immunoglobulins and 
for ESR (31 compared with 46 per cent). 

This correlation seemed to be independent of 
observation period, number of uveitis attacks, and 
type of uveitis. 


Table If Dependence of immunoglobulins on age 
at first uveitis attack. Figures indicate percentage of 
patients with raised Ig in 300 patients 











Age Immuno- Patients 
(years) globulin* IgG IgA IgM ESR (no.) 
<20 31 17 7 7 33 29 

20 30 19 16 6 23 67 

30 33 23 6 10 54 48 

40 49 24. I4 I4 5o 42 

50 44 20 28 16 42 ^ 50 

6o 44 35 14. 7 56 43 
70 67 38 43 14 86 21 


*One or more immunogiobulins raised 


OTHER FINDINGS 


Table III shows the other findings in the proteino- 
gram. No relationship was demonstrable between 
lowered immunoglobulin or altered albumin, 
alpha or beta globulin, and type of uveitis or 
prognosis. l 

The relationship of ESR with immunoglobulins 
is shown in Table IV. There was a positive corre- 
lation between raised ESR and raised levels of 
IgG (P«o01), IgA (P <001), and an increase in 
one or more immunoglobulins (P < o:oor), whereas 
no significant correlation was seen with IgM. 


Discussion 


The present study of unselected cases of endo- 
genous uveitis material did not confirm the hypo- 
thesis of Aronson (1968) that IgM played a central 
role in uveitis. The examinations showed that all 
immunoglobulins might show raised levels, al- 


Table OI Protetnogram in endogenous uveitis 








(percentage of 300 patients) 

Total 
Levels protein Albumin a; m. B: fs IgG IgA IgM 
Raised 20 3 6 8 3 13 24 17 10 
Lowered o 8 1 I o o 053 I 7 





Table IV Relationship between raised ESR 
(female 7 15, male > xo mmj[h) and raised 
tmmunoglobulin (percentage of patients) 








Immuno- Patients 
ESR IgG IgA IgM globulin” (no.) 
Raised 35 27 13 53 135 
Normal 15 9 16s 
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though IgM did so more rarely than IgG and IgA. 

The investigation showed a certain relationship 
between raised immunoglobulin and type of 
uveitis (more often raised in anterior uveitis). 
However, any prognostic conclusions from the 
proteinogram would be unjustified, except that 
there was a greater risk of bilaterality. 

The simple ESR is,. perhaps, more reliably 
correlated with uveitis type (especially fibrinous 
iritis) and uveitis prognosis than immunoglobulins 
(Norn, 1969). A positive correlation was detected 
between raised ESR and immunoglobulins. Chan- 
ges in immunoglobulins ‘did not seem to be a 
factor related to uveitis type and prognosis. 

The simple, cheap laboratory ESR test is 
possibly of greater practical importance in endo- 
genous uveitis than electrophoresis as performed 
in the present study. On the other hand, it is 
worth pointing out that in some cases a raised 
fraction might suggest a general disease under- 
lying the diagnosed uveitis attack. 


Summary 


Examination of 300 patients suffering from endo- 
genous uveitis revealed raised levels of IgG in 
24 per cent, IgA in 17 per cent, and IgM in ro per 
cent. 

A raised level of one or more immunoglobulins 
was found more frequently in anterior uveitis than 
in the posterior form (44 compared with 24 per 
cent), in bilateral cases (47 compared with 35 per 
cent), and in relation to certain general diseases. 

No differences were demonstrated within the 
individual types of uveitis (fibrinous, nodular, etc.), 
nor was there any difference in prognosis (recur- 
rence rate, visual impairment). Immunoglobulin 
levels were raised most often in elderly patients. 


I wish to thank Miss Elly Norup Sørensen for practical 
aid. 
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Immunoglobulins in tears of normal Indian people 


D. K. SEN, G. S. SARIN, K. MANI, AND KUNAL SAHA* 
From the Departments of Ophthalmology and Bacteriology*, Maulana Azad Medical College 
and Associated Irwin and G.B. Pant Hospitals, New Delhi, India 


‘The presence of immunoglobulin-containing plasma 
cells in the various epithelial tissues of the body 
suggests a distinct secretory immunological system 
(Tomasi and Bienenstock, 1968). Immunoglobu- 
lins are found in body secretions. They may be 
important local agents of the host defence mecha- 
nism in initial or recurrent bacterial, viral, or 
other infectious processes (Little, Centifanto, 
and Kaufman, 1969). IgA is the dominant immuno- 
globulin among external secretions but smaller 
amounts of IgG and IgM may be present (Chodirker 
and Tomasi, 1963; Little and others, 1969; Kühl 
and Albrecht v. Graefes, 1971; Brauninger and 
Centifanto, 1971; McClellan, Whitney, Newman, 
and Allansmith, 1973). 

Tears continuously bathe the cornea and con- 
junctiva. A change in their composition may be 
associated with local pathological changes (Joseph- 
son and Weiner, 1968). The conjunctiva and 
associated lacrimal glands, like all other mucosal 
tissues which are exposed to the environment, 
have substantial collections of lymphoid elements 
(Knoph, Blaklow, Glassman, Cline, and Wong, 
1971). These synthesize immunoglobulins which 
are secreted into the tears. However, the immuno- 
globulin levels in tears have not been so exten- 
sively studied as certain other external secretions. 
The few reports available are conflicting. The 
present study was undertaken primarily to deter- 
mine the immunoglobulin levels in the tears of 
normal Indian people and to compare them with 
those reported in Western people. 


Subjects and methods 


Tears were collected from 50 persons without any 
ocular or systemic disease. The eyes and ocular adnexa 
were carefully examined under magnification with a 
slit lamp and the fundus was examined by one of us 
(DKS) with both direct and indirect ophthalmoscop 

after full dilatation of the pupil. The systemic exami- 
nations were carried out by a senior resident (KM). 
Only people who were normal in all respects were 
included in the study. They were mostly adults al- 
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though the age range was 14 to 50 years (mean 30°r 
years). There were 37 males and 13 females. 

The subjects were asked to stare at a strong light 
from a slit lamp for some time. When tears had collected 
in the lower cul-de-sac they were drawn into a micro- 
pipette by capillary action. Care was taken not to 
damage the conjunctiva. The tears were expressed 
from the pipette into small screw-capped vials. The 
samples in each case were collected from both eyes 
and pooled; the volume ranged from roo to aoo pl. 
The pooled samples were stored at —4"C until needed. 

The IgA, IgD, IgG, and IgM in the samples were 
measured by a single radial immunodiffusion method 
(Mancini, Carbonera, and Heremans, 1965) using 
monospecific goat antisera against heavy-chain human 
IgA, IgD, IgG, and IgM, and the reference standards 
of IgD, IgG, and IgM were obtained from Meloy 
Laboratories, Virginia, USA. The reference standard of 
secretory IgA, prepared from human colostrum, was 
kindly donated by Dr R. Thompson, Birmingham, 
England. 


Results 


IgA was invariably found in all-the samples. The 
mean level was 24:64]-14.8 mg/rioo ml. There 
was no significant difference statistically (P « 0-6) 
between tear IgA level in males (23-6--15°9 mg/ 
ioo ml) and that in females (26:44-14:3 mg/100 
ml) although the levels in females tended to be 
higher (Fig. 1). The. distribution of IgA level in 
different age groups is shown in Fig. 2. IgA levels 
in the age groups were: ro to 20 years, 28:6-1-9:8 
mg/10o ml; 21 to 30 years, 28:04-27:2 mg/1oo ml; 
31 to 40 years, r9:5-l-10'4 mg/1oo ml; and 41 to 
50 years, 20'7l-7:1 mg/1oo ml. The difference 
between the tear IgA levels in the various age 
groups was not significant. 

IgD was not found in any of the samples. IgG 
was very low in most, being less than 1 mg/xoo ml 
in 42 and absent in the remaining 8. IgM was 
absent except in one sample, in which it was less 
than r mg/roo ml. 


Discussion 


IgA was the predominant immunoglobulin in the 
normal human tears we studied. Most other authors 


have found the same (Table) except Bazzi, Cat- 
taneo, Migone, and Farina (1970), who found 
IgG to be predominant, and McClellan and others 
{1973), who found the levels of IgA and IgG to 
be almost equal. 

The IgA level in our study is comparable to 
the findings of other authors except Chodirker and 
‘Tomasi (1963). Statistical analysis of IgA levels 
in different age groups shows that the IgA level 
tends to be higher in younger than in older people, 
whereas in serum it is significantly higher in older 
people (Schwick and Becker, 1969). The level of 
_ IgA in tears in our study is also comparable with 
that reported in other body secretions. In jejunal 
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Table Reported levels (mg/100 ml) of 
immunoglobulin in tears of normal subjects 














No. of 
Author Year subjects IgA IgD IgG IgM 
Chodirker and 
‘Tomasi 1963 7 vi NS — NS 
"Bracciolini (after 
onion vapour 
i 1968 40 24. NS Tr — 
Barnett 1968 6 31 NS 3 I 
Little, Centifanto, 
Kaufman 1969 10 ar NS Tr NS 
Bazzi, Cattaneo, 
Migone, and 
Farina 1970 9 23 NS 79 — 
Brsuninger and 
Centifanto 1971 24. 9-so NS NS NS 
McClellan, 
Whitney, 
Newman, and 
Allanamith 1973 74 t7 — 14. — 
Present study I975 50 a46 — Trt —1l 
NS —not studied. Tr -trace 


* « y mg/roo ml in 42 samples studied 
T « 1 mg/1oo ml present in one subject 


juice it is 2r2 mg/ioo ml (Douglas, Crabbe, 
and Hobbs, 1970); in saliva 19°4 mg/roo ml 
(Brandtzesg, 1971); and in bronchial secretion 
23:6 mg/roo ml (Deuschl and Johansson, 1974). 

The only other report on IgD levels available 
to us is that of McClellan and others (1973), and 
they also noted it to be absent. IgG was present 
in very low concentrations in our series, which 
is in agreement with Chodirker and ‘Tomasi 
(1963), Bracciolini (1968), and Little and others 
(1969). However, McClellan and others (1973) 
found it to be 14 mg/roo ml, and Bazzi and others 
(1970) found it to be as high as 79 mg/roo mi. We 
also failed to detect IgM in our samples. This 
agrees with Bracciolini (1968), Bazzi and others 
(1970), and McClellan and others (1973). Barnett 
(1968), however, reported an IgM level of 1 mg/roo 
ml in normal tears. 


Summary 


Immunoglobulin concentrations in tears from 5o 
healthy Indians aged from 14 to 50 years were 
measured by a standard immunodiffusion method. 
The levels of IgA were substantial; those of IgG 
were very low; and IgD and IgM were not present. 
The mean IgA level was 24:6 mg/1oo ml. 


We thank Dr K. B. Puri, junior resident in ophthal- 
mology, for his help in collecting the tears. 
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Book reviews 


Aids to the Practice of Refraction. By ROBERT 
W. STEPHENSON. 1975. Pp. 24. Thornhill Press, 
Gloucester (65p) 


The author intends this book for ophthalmologists. 
It is possibly best described as a booklet, and does not 
pretend to be a text on the subject. The trainee ophthal- 
mologist inevitably finds he is required at an early stage 
in his career to do many quick refractions. These are 
often done without a background of proper theoretical 
or practical instruction. Later he is often forced by 
. circumstances to do long stints of refraction, again in a 
hurried mariner. 

Thus the basis of refraction practice as an accurate 
diagnostic tool or its exact and correct relationship to an 
optical appliance is lost to the ophthalmologist. In 
these circumstances, the procedure becomes a bore and 
unrelated to the patient. This booklet raises pertinent 
aspects in an orderly fashion, essentially on the clinical 
management of patients seeking an eye examination. 
Since the 24 pages can be read almost at one sitting, it 
is sound advice that all those about to study refraction 
in greater depth should start with this simple outline. 

MONTAGUE RUBEN 


Colour Vision Test. By Roperr J. FLETCHER. 
Keeler Instruments, London 


The City University colour vision test has been pro- 
duced by Professor Robert J. Fletcher from the Depart- 
ment of Ophthalmic Optics and Visual Sciences. It 
uses a series of selected paper colour samples, each 
page providing the opportunity for a normal response. 
The patient is asked to identify the normal ‘spot’ as 
resembling the centre spot more closely than other 
alternatives. The patient’s choice is recorded for each 
page and this enables the examiner to quantify the 
depth of an inherited defect depending upon the 
number of mistakes made by the examinee. The book 
is smaller than the normal Ishihara chart and enclosed 
is a form for recording results. The test is simplicity 
itself if a few guide lines are followed and these are 
carefully explained in the introductory notes. 

S. J. H. MILLER 


Conference for the Prevention of Impaired 
Vision and Blindness, Paris 1974. (Documenta 
Ophthalmologica Proceedings Series, vol. 5). 
Edited by W. J. Holmes. 1975. Pp. 204, 158 figs, 
52 tables. Junk, The Hague (DG6s) 


As blindness becomes increasingly a world problem it is 


essential that more efforts should be directed towards its 


prevention in the developing world. The scope of the 
problem is immense—ao million affected by oncho- 
cerciasia, soo million affected by trachoma. The World 
Health Organization has now included the prevention 
of blindness in its activities and an International Asso- 
ciation for the Prevention of Blindness has been formed. 
Its first meeting was at the International Congress 


of Ophthalmology (Paris 1974) where public health 
ophthalmology was accepted as being a new dimension. 

The contributors are principally ophthalmologists 
who include in their papers work from allied specialties 
like genetics. There are contributors from India, 
Pakistan, and south east Asia where blindness is ram- 
pant. There is an excellent article on homocystinuria by 
Frangois, and two important articles, one from USA 
and one from Israel, on the prevention and treatment of 
hereditary eye disease. These growing points of our 
knowledge include prenatal diagnosis by amniocentesis 
and possible lines of treatment of certain metabolic 
diseases like Wilson’s disease and homocystinuria. The 
book is worth obtaining for these articles alone. It 
concludes with several articles on the pathogenesis of 
retinal vein occlusion, although no one can suggest 
much in the way of prevention. C. A. BROWN 


Functional Examinations in Ophthalmology, 
Parts I and II (Fourth Congress of the European 
Society of Ophthalmology, Budapest, 1972). 
Edited by J. Frangors. 1974. Pp. 692, 343 figs, 
47 tables, refs. Karger, Basel (/,30-60) 


In Part I virtually all methods, both objective and 
subjective, now available for the investigation of ocular 
function are dealt with. Emphasis is laid on the im- 
portance and use of such methods in research, and also 
in clinical diagnosis where, for example, it is often only 
possible to understand and classify the multitude of 
choroido-retinal infections after duly considering the 
combined results of such tests as visual acuity, static 
and dynamic perimetry, disturbances of colour vision, 
dark adaptation, and electrodiagnostic investigations. 
Part II comprises free papers which in one way or 
another relate to the methods now -available for the 
investigation of ocular function. D. GREAVES 


The History and Traditions of the Moorfields 
Eye Hospital, vol. II. By F. W. Law. 1975. Pp. 
299, 70 illustrations. Lewis, London (£4) 


Moorfields is a unique hospital; the oldest and still 
probably one of the largest eye hospitals in the world, it 
has had a major influence on ophthalmology ever since 
it was founded in order to cope with the trachomatous 
soldiers returning from the Napoleonic ware. The 
history of Moorfields thus reflects the whole evolution 
of scientific ophthalmology from the simple empirical 
nostra of 1805 to its present complexity, against a 
colourful background of medical politics and personali- 
ties. The travails and triumphs of Moorfields up to the - 
first world war had already been recorded by Treacher 
Collins in 1929, but only three copies of this admirable 
book have evidently survived. So, by a happy arrange- 
ment, facsimiles of this earlier book have now been 
published with Frank Law’s second volume, bringing 
the story up to date—or rather up to ‘yesterday’, since 
it went to press just before our last Minister of 
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Health took office, with the sorry happenings that have 
followed in her wake. 


Frank Law, who has been part of Moorfields ever , 


since the first war (when he overlapped with Treacher 
Collins), helping, and still continuing to help, in so 
many capacities, was the obvious choice of author; 
and the book is clear, comprehensive, and indeed a 
model for the future historians of our great medical 
institutions. 

It must have been a problem to furnish a record of so 
much change, to catalogue the evolution of all the new 
departments that have emerged, to give life to all those 
shadowy personalities that crowded on to the stage, 
particularly when in 1948 the Central London Ophthal- 
mic Hospital was engulfed, the Institute started, 
and the ‘Royal Westminster’ at High Holborn united. 
Thereafter the changes and emergent departments in 
the last are decently appended (a résumé of the history 
of the Royal Westminster from 1816 to 1948 would 
have been a welcome addition to the record). And, 
above all, how difficult it must have been to condense 
that endless stream of minutea which formed the body 
of the record, with their depressing official jargon, their 
impersonal tones and passive tenses, their prolixity and 
stuffiness. One is grateful for the occasional anecdote 
and fleeting aside. Without them (and one longs for 
more) it would be rather like reading Bradshaw—an 
important record, but undeniably heavy going. Even so 
the biographical sketches of the main characters tend to 
read like the pious obituary notices from which many 
of his accounts were doubtless drawn. For they all 
emerge a8 virtuous, dedicated, and orthodox; even the 
unlikeliest of them seems to have started with athletic 
prowess in some sport, and they all progressed serenely 
through a succession of standard achievements to an 
honoured retirement. It is a credit to Law’s artistry that 
in these he manages never to repeat himself. 

Every now and then one regrets that the author, who 
is capable of writing with such spirit and satire, such 
whimsy and wit, has so muted the sound of artillery 
over those near-forgotten battles around the Royal 
College chair, the amalgamation, the birth of the 
Faculty and so on. He might just have hinted at the 
foibles and shortcomings of some of the staff now long 
dead. But he is grave and benevolent throughout— 
perhaps just as well—one must not look for fun in 
Leviticus. P. D. TREVOR-ROPER 


International Glaucoma Symposium, Albi 
1974. Edited by R. ETIENNE and G. PATERSON. 
1975. Pp. 501, fig, tables, refs. Diffusion Générale 
de Librarie, Marseille (£40) 


This book represents the published proceedings of the 
International Glaucoma Symposium held in Albi in 
May 1974. In addition there are two extra chapters on 
the use of ultrasonography in glaucoma and pneu- 
motonography. lt includes contributions from experts 
in this field and brings the reader up to date on glaucoma. 
The book is particularly interesting because the dis- 
cussions are published in full. It is well produced with 
high quality illustrations including a set of stereo- 
photographs of the optic disc and should prove a useful 
addition to all ophthalmic libraries. 8. J. H. MILLER 


Modern Approaches to the Diagnosis and 
Instruction of Multihandicapped Children, 
vol. x3. Eye Movements, Surprise Reactions, 
and Cognitive Development. By R. M. WiLTON 
and F. J. BOERSMA. 1974. Pp. 69, 2 figs, 6 tables, 
refs. University Press, Rotterdam (DG29:90) 


This is not a book for the general ophthalmologist and 
it will be of limited interest only to those in the speciality 
who study the link between recorded eye movements 
and visual perception. Even so the objectives outlined, 
namely whether training can accelerate intellectual 
development and if retarded children differ from normal 
children in this respect, have little ophthalmological 
content. 

The acceptance by the authors that corneally reflected 
eye movements in children can be used experimentally 
as an index of ‘perceptual activity’ might surprise 
those of us who deal with children. Educationalists 
are in a better position than ophthalmologists to judge 
the value of the main conclusions, These are that the 
development of intelligence can be accelersted in normal 
children by training and that visual searching of pictorial 
material increases with age and/or mental development. 
These conclusions are supported by no fewer than 11 
pages of statistics. P. A. GARDINER 


Modern Problems in Ophthalmology: New 
Research on the Aetiology and Surgery of 
Retinal Detachment. By L. GUILLAUMAUT, 
M. Massin, and L. Fisons. 1975. Pp. 138, 150 
figs, 55 tables. Karger, Basel (DM 145) 


This book reports the ninth meeting of the proceedings 
of the Club Jules Gonin which was held in La Baule, 
France, in 1974. The book is mainly in English but 
contains some contributions in French and German. 
The many subjects dealt with included genetics in 
retinal detachment, the terminology and nature of 
peripheral retinal degeneration, the non-drainage of 
subretinal fluid in retinal detachment surgery, and 
recent advances in vitreous surgery. There were also 
contributions on photocoagulation. Of particular 
interest was the work performed by the Miami group 
on the pathogenesis of intraocular fibrous tissue. 

The book is beautifully produced and the illustrations 
are of high quality. It gives a thoroughly up-to-date 
account of progress in the management of diseases of 
the retina and is recommended to ophthalmologists with 
a special interest in this subject, although all ophthal- 
mologists will find it of value as a source of reference. 

A. H. CHIGNELL 


Modern Problems in Ophthalmology, vol. 12. 
Limitations and Prospects for Retinal Surgery. 
Edited by E. Norron, R. Durour, C. GAILLOUD, 
R. Krorr, and L. Fison. 1974. Pp. 598, 192 figs, 
143 tables. Karger, Basel (£,25:40) 
This volume is a report of the eighth meeting of the 
Club Jules Gonin held in Miami in 1972. 

The main subject was the cause of failure in dealing 
with detachments of the retina, Several papers dealt 
with aspects of basic research and experimental work 


in macular disease; others reported the clinical use of 
the xenon are and argon laser in macular disorders and 
in diabetic retinopathy. Other papers were given on 
vitrectomy and the use of vitreous substitutes. A final 
section of the book is devoted to the diagnosis and 
natural course of malignant melanoma, treatment by 
photocoagulation and excision, and on the long term 
follow-up of retinoblastoma. 

The extensive and interesting discussions which went on 
throughout the meeting are fully reported. D. GREAVES 


Ocular Differential Diagnosis, 2nd ed. By 
F. H. Roy. 1974. Pp. 612, refs. Lea & Febiger, 
Philadelphia; Kimpton, London (48:30) 


'This is a reference book written to help the ophthal- 
mologist to make a quick diagnosis and to prevent his 
overlooking a possible disease. The book contains 
comprehensive lists of possible conditions described 
under the different parts of the eve. For example, there 
are 39 syndromes associated with nystagmus and 45 
with congenital cataract. 

The second edition has been enlarged by 144 pages, 
several sections have been added, including those on 
granulomatous and non-granulomatous uveitis, and 
on ultrasonography of the orbit; there are also tables of 
comparison. The index would be easier to use if the 
main reference to a disease could be italicized. Acti- 
nomyces (p. 250) is still wrongly listed under bacteria, 
and prematurity associated with anoxia or hvpogly- 
caemia is not mentioned as a cause of congenital lamellar 
cataract. 

'This book is a real mine of information and should 
be of value to the established ophthalmologist and to 
juniors preparing for examinations. C, A. BROWN 


The Ocular Fundus; Methods of Examination 
and Typical Findings, 3rd ed. By A. Nover. 
1974. Pp. 169, 150 figs. Lea & Febiger, Philadelphia; 
Kimpton, London (£925) 


This third edition of a small textbook on the fundus 
has been translated from the German by Frederick 
Blodi. A chapter on diseases of the vitreous has been 
added for this edition. 

'The first part is mainly concerned with methods of 
examination. However, it is difficult to decide for 
whom the book is intended, as the descriptions are 
too brief for the ophthalmologist and yet not suth- 
ciently practical for the non-ophthalmologist. 

The second part is essentially a colour atlas of the 
fundus with a text describing the conditions, their 
ophthalmoscopic findings, and differential diagnosis. 
Colour prints of the fundus are difficult to reproduce 
but these are excellent and the book is recommended 
as an atlas to students, physicians, and junior ophthal- 
mologists. MARTIN CRICK 


Ocular Motility and Strabismus. By M. M. 
Parks. 1975. Pp. 195, 150 figs, refs. Harper & 
Row, Hagerstown, Maryland ($25) 

In the description of the contents of this book, emphasis 
is made on the fact that strabismus is primarily a disorder 
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which occurs in the paediatric age group. It is scarcely 
surprising, therefore, that this new contribution to the 
subject of the disorders of ocular motility is made by 
such a person as Dr Marshal! Parks, who has achieved 
world-wide recognition as a paediatric ophthalmologist 
with a rare ability to combine academic excellence 

An appraisal of the structure and function of the 
normal extrinsic ocular muscles is given in a clear and 
yet detailed way in the early chapters. This is followed 
bv an essay on the meaning of the complex phenomenon 
of binocular single vision, and this leads naturaliv to a 
discussion on the different forms of squint and on the 
methods which are adopted in their detection. “Che 
important role of the mechanism of accommodation in 
the production of squint is discussed in a chapter 
dealing with the vergence movements of the eyes, and 
this includes a straightforward description of the 
ACOA ratio. 

The sensorial adaptations in squint--suppression, 
amblyopia, eccentric fixation, and anomalous retinal 
correspondence—are dealt with in an up-to-date 
manner with a detailed discussion on the methods of 
examination which are concerned in their detection 
and with a realistic appraisal of their importance, 
particularly in regard to their prevention and treatment. 
'This is followed by excellent chapters on the manage- 
ment of esodeviation, exodeviation, and vertical squint, 
with a separate chapter devoted to the À and V pheno- 
mena which are features of many basically horizontal 
squints. There are also descriptions of the squints 
which follow cranial nerve palsies, congenital anomalies, 
and various forms of trauma. 

The book is of a remarkably  non-controversial 
nature. Certain parts, particularly the discussions on 
the monofixation syndrome and intermittent exotropia, 
reveal the personal views of the author, but these have 
been acquired as the result of prolonged experience 
and the contrasting opinions are included in the dis~ 
cussion. Indeed, the text as a whole provides ‘a breath 
of fresh air’ in a field of ophthalmic practice which 
tends to be obscured sometimes by an unnecessary 
obsession over tedious detail so that the main aim in the 
treatment of squint in the young child~-the achievement 
of a satisfactory form of binocular association-—tends 
to be overlooked in the frequently fruitless task of 
trying to achieve a state of perfection. KENNETH WYBAR 


Ocular Pathology: A Text and Atlas. By M. 
Yanorr and B. S. Fixe. 1975. Pp. 762, figs (25 in 
colour), refs. Harper & Row, Hagerstown, Mary- 
land ($60:00) 


Having previously provided a superb account of the 
normal structure of the eve, Dr Yanotf and Dr Fine 
have now produced an equally masterly survey of 
ocular histopathology. The coverage is comprehensive 
with virtually no ocular disorder escaping mention, and 
the authors are to be envied in their ability to depict 
so many of the conditions they describe. By dint of 
careful montage and judicious pruning of all but the 
immediately relevant areas, an incredibly lavish array 
of photographs has been included and, on the basis that 
one good illustration conveys more than a barrage of 
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words, the book provides considerably more information 
than its size would suggest. Unfortunately, however, 
the reduction in size of some photographs, which the 
inclusion of such a large number has necessitated, has 
in some instances also reduced their value. 

T'he text is essentially descriptive and is presented 
in notation form—which makes for ready reference if 
not for easy reading—so that for a discussion on the 
aetiology and pathogenesis of most conditions recourse 
to the original papers and reviews listed at the end of 
each chapter is imperative. Coming from the pens of 
practising ophthelmologists there is a welcome emphasis 
on clinicopathological correlation, a quality which 
should extend its appeal. 

Although there are a few statements with which one 
might take issue, factual errors are few. 'l'here is no 
good evidence that T-lymphocytes produce antibody 
and that the ciliary body cysts in multiple myeloma 
contain gamma rather than alpha globulin. 

For a straightforward account of ocular pathology, 
detailing both light and electron microscopical appear- 
ances, this text and atlas is the obvious choice, other 
books on the same subject being either outdated or less 
comprehensive, and it can enthusiastically be recom- 
mended. Its only drawback for the individual buyer is 
its price. A. GARNER 


Practical Cryosurgery. Edited by H. B. HorpEN. 
1975. Pp. 168, figs, tables, refs. Pitman, London 
(£5) 


Harold Holden, the editor of this volume, has collected 
authors whose experience of cryotherapy is pre-eminent 
in each of the fields of treatment discuased. Reference 
to his own work is made in the chapters on the nose and 
throat and on the head and neck. 

The history and development of cryosurgery and 
cryosurgical engineering are considered with sufficient 
detail to interest the reader, although he will be con- 
cerned chiefly with the chapters dealing with his own 
field. 

Cryosurgery is described in relation to the majority 
of its potential uses, and each chapter has an up-to-date 
and adequate list of references for further reading. 

Schoeller introduced cryotherapy experimentally in 
the treatment of retinal lesions as long ago as 1918, and 
Bietti described its clinical use in 1934. Cryotherapy is 
now firmly established as an important technique 
in ophthalmic surgery. Its wide application in the 
treatment of conditions affecting most of the ocular 
. tissues is adequately considered. The ophthalmologist 

will find, either in the text or in the references, all the 


information he requires to pursue this branch of - 


treatment. J. R. HUDSON 


Selected Topics on the Eye in Systemic 
Disease. Edited by S. J. Ryan and R. E. SMITH. 


1974. Pp. 392, figs, tables, refs. Grune & Stratton, 
New York (£11°75) 


This is an excellent book, and one to be read at length 
as well as being a useful work of reference. It is not a 
collection of original work, but a selection from a course 
of lectures given at the Wilmer Institute. It is divided 
into three sections: Retinal vascular disease, Ocular 
inflammatory disease, and Rheumatic disease in which 
are included connective-tissue disorders and arthritis. 
Although written by a large number of contributors 
the style is uniformly good. The English is clear and 
careful and the presentation suitably brief but compre- 
hensive. A chapter on the systemic manifestations of 
the condition under discussion is followed by one on the 
ocular manifestation of the same pathological process. 
It may be invidious to select specific chapters for special 
praise but I particularly enjoyed the discussion on diabetic 
retinopathy, sarcoidosis, and histoplasmosis. The 
uniformly high standard of the contributions is a 
tribute to the skill and persuasiveness of the editors. 
The volume is well produced and the illustrations are 
clear. C. J. EARL 


Studies on Excitation and Inhibition in the 
Retina (a collection of papers from the laboratories 
of H. Keffer Hartline). Edited by F. RATCLIFF. 
1974. Pp. 668, figs, tables, refs. Chapman & Hall, 
London ({10°50) i 


The idea of reprinting a series of previously published 
articles is not new and the soundness of such a course 
is often doubtful. No such doubt can befall this most 
excellent book. All ophthalmologists will have heard of 
Professor Hartline although many may be less familiar 
with his work. The foreword to this collection of papers 
is written by Professor Hartline who modestly implies 
that his choice of Limulus polyphemus as an experimental 
animal was a lucky chance. More than 40 years ago he 
started his experimental work which has given us so 
much information about the peripheral visual system. 

There are five sections in this collection, each covering 
a particular aspect of visual physiology and comprising 
reprints of papers by Hartline or his co-workers in 
mainly chronological order showing how the line of 
research has been developed. Each section is preceded 
by a review excellently written by the editor. The book 
ends with Hartline’s own review of his work given as 
his Nobel Prize speech in 1967. 

This is not a book the clinician will buy but he will 
surely be impressed by seeing, in Hartline’s own words, 
that the merit of publication ‘lies in exhibiting a short 
segment of a thread of work that is now woven almost 
unrecognizably into the fabric of visual science’. It is a 
fitting tribute to one of the leaders of visual physiology 
and not marred by a printing slip from pages 410—411. 
The clarity of these papers will serve as a model to 
present-day authors. J. H. KELSEY 
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Obituary 


William John Brownlow Riddell, FRS, MD, ChB, FRFPS, DOMS 


W. J. B. Riddell, Emeritus Tennent Professor of 
Ophthalmology at the University of Glasgow, died 
suddenly on 18 February 1976 while on holiday in 
Austria. He was in his 78th year. 

Brought up in Glasgow where his father was visiting 
ophthalmic surgeon to the Eye Infirmary, he received 
his education at Glasgow Academy, and thereafter was 
commissioned in the Royal Naval Volunteeer Reserve, 
serving at sea as midshipman for the last vear of the 
first world war. After demobilization he chose a medical 
career and graduated MB, ChB at Glasgow University 
in 1923. In the very unsettled years after the war, he 
held a succession of junior posts and gradually became 
orientated towards ophthalmology, adding the qualifi- 
cations DOMS London in 1928, and FRFPS Glasgow 
in 1936, until finally he went to the Roval London 
Ophthalmic Hospital to pursue his chosen specialty. 
He then returned to Glasgow as surgeon to the Ophthal- 
mic Institute of Glasgow Royal Infirmary, and in 
1940 he presented a thesis based on his research in 
human heredity which was receiving international 
recognition, and was awarded MD with high commen- 
dation. 

In 1941 he was appointed to the Tennent Chair of 
Ophthalmology at the University of Glasgow. The 
Tennent Institute, completed in 1936, had been de- 
signed with the dual purpose of providing university 
teaching and research facilities while also serving as the 
eve department of a large general hospital, the Western 
Infirmary. He had to defer his plans for research and 
staffing his new department owing to the exigencies 
of the second world war, but with characteristic foresight 
he began to assemble the nucleus of what proved to be 
an outstanding reference library. In addition to sus- 
taining the needs of his hospital and private practices, 
he so organized his time as to allow regular visits to 
London where he served on the ophthalmic panel 
formed to advise the Ministry of Supply on the effects 
of chemical warfare agents on the eye. He also accepted 
the additional duty of Dean of the Faculty of Medicine 
for the University of Glasgow; in this capacity he 
visited North America in the immediate postwar period 


and was invited to lecture on his specialty at many 
university centres. The inception of the National 
Health Service in 1948 presented him with a role for 
his administrative ability which was ably demonstrated 
over a long period on the board of management of 
Glasgow Western Hospitals; he was also president for 
more than 20 years of the Mission to the Outdoor Blind 
for Glasgow and the West of Scotland. His many other 
offices included the presidency of the ophthalmological 
section of the Hoval Society of Medicine, the vice- 
presidency of the Ophthalmological Society of the 
United Kingdom, and the vice-presidency of the 
Faculty of Ophthalmologists. He retired from the Chair 
after 23 years of distinguished service in 1964, relin- 
quished his appointment as senior ophthalmic consultant 
to the Western Infirmary, and ceased all active practice, 

Professor Riddell was scrupulous in all he undertook. 
A perfectionist in his own surgical technique, he set a 
high standard in his training of others and passed on his 
skills to many postgraduate students. He could express 
himself concisely and cogently, and was adept in selecting 
the most suitable form of illustration and presentation 
of a subject; his criticism of the work of others was 
always generous and helpful. An agile mind, his width 
of reading and ability to marshal and analyse facts 
rapidly, enabled him to make an incisive contribution 
to the discussion of many topics. He was a stimulating 
companion during his occasional leisure hours, whether 
watching cricket, strolling through a park, or browsing 
in a gallery or museum. Visitors were always made 
welcome at his home, and many in various parts of the 
world will carry with thern the memory of the generous 
and warm hospitality they received. on visiting Gill 
Riddell and his charming wife, Nan. 

After retiring in 1964, he went to live in Aberdeen, 
where his family roots lay. This environment supplied 
an aura of university life which he found congenial, but 
was also becoming enfused with new cultural activities 
which served to occupy the interests of a nature always 
active. Survived by his wife, a son, and a daughter who 
is a consultant pathologist, he was an outstanding 
specialist of his generation. 


Sir Tudor Thomas, DSC, MD, FRCS, LLD 


Wales and ophthalmology have lost one of their great 
medical personalities in the death of Sir Tudor Thomas 
at the age of 82. 

He was born in Breconshire but spent most of his 
professional life in Cardiff where he was much esteemed 
by his colleagues and many friends. 

His academic achievements were many, for as well as 
winning prizes as a student at Cardiff University and 


at the Middlesex Hospital, he gained most of the degrees 
possible to a graduate. Later he had an Honorary LLD 
conferred on him by Glasgow University. He served in 
the RAMC in the first world war and in 1921 was 
appointed ophthalmic surgeon to the Cardiff Royal 
Infirmary and United Cardiff Hospitals which he 
served for 37 years. 

He sprang to fame in 1922 by becoming the pioneer 
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of research work in this country on corneal grafting;. 


he demonstrated clear grafts on rabbits! corneae in 1930 
at a London meeting and later that year he performed 
his first corneal graft on man. The Central London 
Ophthalmic Hospital invited him to establish a corneo- 
plastic department at their hospital in 1935; this de- 
partment continued until 1940. He had great help and 
encouragement from the Staff of both Moorfields and 
the Royal Westminster Ophthalmic Hospitals. 

Many professional societies honoured him. In 1933 
he delivered the Middlemore Lecture at the Birmingham 
Eye Hospital and in 1936 the Montgomery Lecture in 
Dublin. He took a keen interest in the work of the 
British Medical Association and was honoured by being 


. elected President in 1953—54 and gave a masterly inau- 


gural lecture. 

In 1955 he gave the Doyne Memorial Lecture at his 
favourite Oxford Ophthalmological Congress on whose 
council he had sat for many years. From 1956-58 he 
presided as Master with innate charm and quiet dignity 
—these being three very happy years for him, his wife, 
and members. His contributions and chairmanship 
made these meetings a great success. By a fortunate 
coincidence he was Knighted during this term of office 


Notes 


Eye-Bank Association of America, Inc 
Las Vegas, 5 October 1976 


The Eye-Bank Association of America will hold a 
scientific programme on 5 October 1976, from 1.00 to 
5.00 pm. Papers relating to corneal transplantation and 
eye bank techniques are solicited. 


Course in Microsurgery 
Nantes, xo to 11 December 1976 


The fourth practical course in microsurgery will be 
directed by Professor Witmer of Zurich and will 
concern the surgical techniques for operations of intra- 


Scientific Meeting 

Cairo, 4 to 8 March 1977 

The Ophthalmological Society of Egypt will arrange a 
scientific meeting on the occasion of its diamond 
jubilee. 


and at his beloved Oxford Congress Lady Bronwen 
organized the lady visitors' social programme. 

In 1956 'Tudor was elected High Sheriff of Brecon- 
shire and it gave him pleasure to entertain prominent 
Breconshire and Cardiff personalities to an inaugural 
luncheon. : : 

The Worshipful Company of Apothecaries honoured 
him by presenting their Gold Medal in therapeutics to 
him in 1960 and be was elected an honorary member 
of the Royal Society of Medicine later. 

At the age of 72 he was invited to be President of the 
Ophthalmological Society of the United Kingdom in 
1967—68 and one of the meetings was held in Cardiff. 

Seemingly destined to be a bachelor, in 1938 he 
married a young vivacious Welsh lady, Bronwen Pugh, 
and it is true to say she greatly enlivened his social life. 
They had two sons, David in law and William in 
general practice. 

With all the brilliance of his academic and profes- 
sional career, he was a gentle and kind man with great 
personal charm and dignity and a quiet sense of humour. 
The ophthalmological world has lost a great man whose 
memory many will treasure. 


For further information write to R. D. Richards, MD, 
Department of Ophthalmology, University of Maryland 
Hospital, Baltimore, Maryland 21201, USA. 


and extracapsular extraction. Applications should be 
made by the 30 June to the Secretary, 16 Boulevard 
Guist'hau, Nantes. 


For further information write to the Honorary 
Secretary, Ophthalmological Society of Egypt, Dar El- 
Hekma, 42 Kasr El Aini Str., Cairo, Egypt. 


Jerusalem Conference on Impaired Vision in Childhood: Causes, 


Prevention, Treatment 
Jerusalem, 8 to 13 May 1977 
For further information write to Scientific Secretariat, 


Professor J. Nawratzki, PO Box 16271, Tel-Aviv, Israel. 
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smith & Nephew have produced a range of 
educational and training material which has been 
prepared specifically to help nurses and non- 
ophthalmic medical staff working in the field of 
ophthalmology. Also, a selection of films and teaching 
booklets are freely available to hospital departments 
involved in ophthalmic studies. 

Films (16mm with optical sound track) 
Lamellar Grafting 

Two Operations for Glaucoma 

Contact Lens Clinic-— Johannesburg 
Removal of Cataract from Posterior Chamber 
Penetrating Keratoplasty 

Teaching Booklets 

Ocular Emergencies 

Glaucoma 

Understanding Simplene 

Understanding Your Glaucoma (for patient 
information) 

In addition, as part of the Smith & Nephew 
Sponsorship Programme professional meetings and 
symposia can be considered for financial support. 
Details of one such event are given below. 

Further information and order forms for films and 
booklets can be obtained from: 

Smith & Nephew Pharmaceuticals Limited 

P.O. Box 7, Bessemer Road, Welwyn Garden City 
Hertfordshire, England, AL8 7LU 

Telephone: Welwyn Garden 25151 


The Departments of Ophthalmology of the Universities of Dundee and X 


Manchester present 


FUN Ik ELUOR 


GLENEAGLES HOTEL, PERTHSHIRE, SCOTLAND 
17th to the 21st October 1976 


Co-sponsors, Carl Zeiss Jena Limited, Boreham Wood, England and 
Smith & Nephew Pharmaceuticals Ltd, Welwyn Garden City, England. 


All enquiries for this symposium should be sent to Mrs. Allene Gearce, 


Department of Ophthalmology, Ninewells Hospital and 
Medical School, Dundee DD2 1UB, Scotland. 
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The Pantoscope has been in 
constant demand throughout 
the world since its intro- 
duction over 25 years ago. 

In that time it has proved that 
the combination of eleven 
different types of ophthal- 
moscopic examination and 
considerable reserve of 
illumination power can satisfy 
the most critical demands. 
(The use of a Pantoscope by 


the medical team on the 


1975 Everest Expedition is a 


~? 


significant recent example.) 
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Keeler offer you the Panto- 
scope with the conviction 
that dependable high 
performance cannot go out 


of date. 
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Ideally, as most ophthamologists would agree 
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Tanderil^ eye ointment A 


IA 


Tanderil" eye ointment achieves 
anti-inflammatory effectiveness 


— without the risk of enhancing 
viral replication or bacterial 
invasiveness 


- without adversely affecting 
intra-ocular pressure or lens 
metabolism 


Tanderil® eye ointment Geigy 


Each 5G tube of ointment contains 4-butyl-2- 
(4-hydroxyphenyl)-1-phenylpyrazolidine-3. 
5-dione monohydrate (Oxyphenbutazone B.P.) 
1076 in special greasy base. 


Full prescribing 
information is available. 


Geigy Pharmaceuticals 
Macclesfield, Cheshire 
SK10 2LY. 
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So flat and strong they pass 
smoothly through the tough tissue 
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disruption. 

And more. 

A ‘side-cutting’ action that 
reduces risk of any perforation of 
the anterior chamber. 

Location of cutting edge 
and curvatures of needle tailored to 
meet the specific needs of every 
ophthalmic suturing technique. 

And finally, outstanding 
reliability and quality that 
ensures you use a perfect needle 
every time. 
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Are you preparing 
for this examination? 


We specialize in postal preparation 
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x Penn Place 
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UNIVERSITY OF LONDON 


INSTITUTE OF 
OPHTHALMOLOGY 


JUDD STREET, LONDON WC1H 9QS 


Associated with 
MOORFIELDS EYE HOSPITAL 


General and Special Courses in the various aspects of ophthal- 
mology take place throughout the year. The General Course 
includes Sciences basic to ophthalmology, Methods of Examins- 
tion and Clinical Demonstrations. The Special Courses include 
the following topics: Orthoptics, Contact Lenses, Immunology, 
Orbital Disease and Microsurgery. 


For further particulars apply to the Dean. 


EXAMINATION OF PATHOLOGICAL OPHTHALMIC SPECIMENS 
The Department of Pathology of this Institute will examine and 
report on certain specimens sent by Ophthalmic Surgeons. 
Specimens sent from Hospitals for further examination should be 
sent through the particular Hospital Pathologist. 


For particulars apply to the Director of the Department of 
Pathology. 


We shall be pleased to send, on request, an 
illustrated pamphlet of micro surgical instruments. 


DIXEY INSTRUMENTS LTD. 


19 WIGMORE STREET 


LONDON, WIA 4DU 


Telephone 01-580 1713 
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Because EPPY attacks the problem 
from two sides. 


Firstly, 1t decreases the production 

of aqueous. — 

Secondly, EPPY, after a latent period will, 
in most cases, produce a permanent lowering 
of the resistance to aqueous outflow. 

This is 1n contrast to miotics such as 
pilocarpine which only improve outflow 
temporarily after each instillation. 

Also, unlike miotics, EPPY does xot cause 
pin-point pupil- patients can lead a 
virtually normal life. 
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CLEAR- COMFORTABLE ADRENALINE 


Two strengths for 
flexible therapy. 


In two strengths, with 0.5% or 1% 
adrenaline, Isopto Epinal's* flexible dosage is 
an advantage particularly in the treatment of 
problem patients suffering from open-angle 
glaucoma. 

And patients will find application easy on 
the eye with the aid of the specially designed 
dropper. 


Clear cut. Effective. 


The adrenaline drops you choose could 
bring tears to your patients’ eyes. But comfort 
them with a more gentle solution and you'll 
find stability diminished, the benefits short 
lived. 

Now it is unnecessary to sacrifice 
comfort for performance in the treatment of 
open-angle glaucoma. 

With Isopto Epinal® the answer is 
clear. Developed and distributed by Alcon 
Laboratories a name synonymous with 


confidence and quality, Isopto Epinal 
combines effectiveness, comfort and 
Stability in one clear solution. 


Here to stay. 


Isopto Epinal's* increased stability 
means that, when used as directed, therapv 
can be completed without waste, without 
discolouration. The special antioxidant 
system protects against oxidative 
discolouration, eliminating many of the 
problems of adrenaline breakdown and 
giving maximum 
patient acceptance 
with minimum 
irritation. 
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. -fticularly comfortable for problem patients. 


The lsopto” vehicle — a hydroxypropyl! methylcellulose solution — provides an ideal 
soothing and emollient action with a comfortable ph matching that of the eye 


And, by remaining in contact with eye tissue longer than aqueous vehicles, Isopto 
Epinal “offers a more potent adrenaline. 


EPINAL” - ONE OF A COMPLETE RANGE OF 
GLAUCOMA PREPARATIONS 


Research and experience puts Alcon out in front in glaucoma therapy. Along with Isopto 
Epinal® Alcon make and market these specialist products:— ISopto Carpine 0.5%, 1%, 2%, 
3%, 4% 6%, Isopto Carbachol 3%, Oratrol tablets Dichlorphenamide 50 mg (bottles of 100), 
Lyophrin — adrenaline bitartrate 2% (equivalent to 1% base activity). 





CCOPTOEPINAL.... 


World leaders in ophthalmic therapy 


OPHTHALMIC DIVISION, ALCON LABORATORIES (U.K.) LTD., 


Imperial Way, Watford. Tel: 46133 
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The Kelvin Slit Lamp 


high quality performance 
- low cost 


Purchasing reliable optical equipment its quality performance and 

of the required quality and price is reasonable cost. 

becoming increasingly difficult in these — Write or telephone for a visit and 
days of restricted budgets. The Kelvin demonstration from one of our 

Slit Lamp,-along with the other items technical representatives who 
in the Kelvin Equipment Range, will be pleased to tell you 


-has been especially selected for > more about this excellent 
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equipment. 
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@ Fine slit 

control giving the 
narrowest slit up 

to circular spot 


@ Top quality 
engineering makes 
this a fine precision 
instrument ideal for 
contact lens work or more 
general application 


















@ Extremely smooth 
one-handed control 
by joy-stick 











@ Finest optics with wider field 
of vision. Slit image can be 
rotated from 0° - 180 






@ Magnification 
Objective 1 x 1.6 x 
Eye Piece 10 x 16 x 






@ Fingertip change of magnification 










@ Filters: Normal. transparent, 
smoke, blue-green and cobalt 


© Light source and microscope 





Kelvin House, Denton, Manchester. Telephone: 061-336 6231 
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A New Book and Audio-Visual Teaching Tool 


FUNDUS FLUORESCEIN ANGIOGRAPHY 


A COMPOSITE SLIDE COLLECTION by Howard Schatz, M.D. 


A CONSTRUCTIVE EDUCATIONAL AID 
Comprising text, slides and cassette tapes 


This new book contains one hundred 35mm com- 
posite slides (each slide is a composite of four to nine 
photographs for a total of 604 photographs in the 
collection) with accompanying text. Represented in 
the composite slides are the ophthalmoscopic view 
(in colour) and the fluorescein angiographic studs 
(in black and white). 


A complete sound track of the entire text is also 
available in two 90 minute cassette tapes 


Net profits from the sale of this collection will be 
donated to St Mary's Hospital and Medical Center 
The Retina Research Fund—for the support ol 
education and research in ophthalmology 





CONTENTS 


| Normal Angiogram > ; 
II Retinal Vascular Diseases stf -—- 48 Sa 35 oe 
III Pigment Epithelial—Bruch’s - 42a” 3 X 
Membrane—Choroidal Diseases of e? ^ ae" ax BA m Th 
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VII Hereditary Diseases É e a9 3 pa *- uiii E ES "uou 
VIIL Optic Nerve Diseases $ Jg é ! 
IX Vitreo-Retinal Interface Diseases ; e : 
and Macular Hole 


"These fluorescein angiographic composite slides are invaluable in their documentation of. disease 
of the fundus. Regular study of the slides along with extended investigation into the concepts raised 
can provide ophthalmologists with a sophisticated and working knowledge of Retinal and Macular 
Disease”. 
From the FOREWORD by A. Edward Maumenee, M.D 
The Wilmer Eve Institute 


ORDER FORM On 15 days approval 


] Please send me FUNDUS FLUORESCEIN ANGIOGRAPHY : A Composite Slide Collection 
— (USA8100-00 for the text and 100 composite slides) 


Also send the complete sound track of the text (two 90 minute cassette tapes, USA 8$20:00 
for the set). 


MAME Locos en Ea oF eara Bd a dU 7a : Payment enclosed 


ADDRESS r3 dud P A Sarda aie IR CR Sal e My. (postage paid) 


Send cheques payable to: The Retina Research Fund, St Mary's Hospital and. Medical Center, 
450 Stanyan Street, San Francisco, California 941 17. 
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Designed to meet the surgeon's ty 9 y ed 
specific requirements 3 E 









Fixed Vertical Axis 

Motorised Adjusteble Tilting Axis 
3:5x - 18x. Motorised 

Zoom Magnification 


Steady Bright Imaging from High- 
quality optical components 


Ample working room for hands 
and instruments, 150mm 
(6 inches) free working area 


Unobstructed direct view of 
surgical field without moving 


head from oculars 


Foot switch plate operated 
controls leave the surgeon's 
hands free 


The PROJECTINA 


Co. Ltd. SKELMORLIE AYRSHIRE 


TELEPHONE: WEMYSS BAY (0475) 521135 ` TELEX: 779075 
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Constant contro 
in glaucoma 


simple, acceptable, convenient 
—and well tolerated 


Each Diamox* Sustet* contains 
500 mg acetazolamide in a | 
sustained-release "NU oo 
capsule 


Full prescribing information is avallable from: 


«=» Lederle Laboratories 
Research for British Medicine 
A division of Cyanamid of Great Britain Lid 
Fareham Road, Gosport, Hanis POI CAS 
* Registered trademarks 
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3 things combine to make 
the Spectacle Indirect 
Ophthalmoscope. 
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VERSATILITY. The Spectacle Indirect is PERFORMANCE. As the first choice of 
the right system for use in consulting many specialists, the Spectacle Indirect 
room, operating theatre or ward round sets an enviable standard 


CONVENIENCE. Transformer power or 
rechargeable pocket battery for 
maximum freedom of movement 


K Keeler 


21-27 Marylebone Lane, London W1M 6DS. 01-935 8512 
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suction infusion tissue extractor. 





SITE is a new instrument for the surgical treatment of 

opacified ocular media, incorporating a needle with a 

unique cutting system at its tip, designed to dissect and 

extract obstructive tissue, and automatically replace the 
volume of tissue removed with clear fluid. A reflux system 

uses fresh fluid to clear blockages, and the entire operating 
cycle is under the surgeon's control. SITE operates through a 
small incision (approx. 3mm), under local or general anesthesia 


K «Kec 








€T 21-27 Marylebone Lane, London W1M 6DS. 
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TWO DROPS 
DAILY 


In simple glaucoma, 
Phospholine lodide has the 
considerable advantage of 
being /onger acting with a 
lower dosage. Amaximum 
of only two installations a 
day is all that is normally 
required, 
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STORZ-WALKER Retinal Detachment Unit 

Offers same output as original model 
Double action footswitch selects cathodal or anodal galvanic, 
or high frequency current. 


Indicator lights show which current is selected. Operates on 
115V, 50-60 cycle AC. 


Attractive simulated wood grained case measures 
1614” x 1234” x 6", weighs only 25 Ibs. 


E-5425 Retinal Detachment Unit, STORZ-WALKER* includes: 


E-5130 Walker Handle & Cord E-5430-C Daul Footswitch 
E-5276 Walker Needle E-5430-F Diapad Electrode 


"PRICE Complete $495.00 


Sogol Litiumi 


STORZ INSTRUMENT COMPANY 


3365 Tree Court Industrial Blvd., St. Louis, Mo. 63122 
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Theodore 
Hamblin 
Limited 
Hamb!in House 


The re-designed Hamblin Giant Magnet 
Incorporates new developments in the 


miniaturisation of electronic components, | Langham Place 
The Surge Control unit is now an integral part London WIN SH, 
of the Magnet Stand assembly. There are Telephone: 01-580 4343 


four inter-changeable applicators and the 


ini Sales and Services 
Hamblin Portable and Mini-Magnets may be 


; i 
operated from this unit. All Hamblin nm ani] 
Ophthalmic Magnets comply with the Limited 


Department of Health's Stringent 
recommendations for electrical apparatus 
used in operating theatres 
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Br APPOINTMENT 





FO HIS GOWAL Pie E SS 
THE DUKE OF EDINBUERIGH 
OPTICIANS 


Iv APPOON IMENT 

TO HER MAJESTY 

JUEEN ELA ABETH THE QUEEN MOTHER 
ET ICIANS 


i f 


By APPOINTMENT 
MO THE LATE QUEEN MARY 
NW TICIANS 





THEODORE HAMBLIN LTD 
! LANGHAM PLACE 
LONDON WIN BHS 











XVII 


BRITISH JOURNAL OF OPHTHALMOLOGY 














Melson Wingate Ltd 


31 ABBOTT ROAD, BOURNEMOUTH (0202) 512311 AND 40 BRANCHES 





VOCATIONAL LENSES 





This comprehensive range of Multifocals, Tints, and special Lenses is 
available for demonstration to patients in all our branches. 




















SI UNITS 


D. N. Baron, M.D., F.R.C.Path. 


Professor of Chemical Pathology, Royal Free Hospital School of Medicine. London WC] 








Conversion Scales and an article reprinted 
[rom the 
British Medical Journal 30 November 1974 | 


Price 50p, including postage 





Payment must be enclosed with order or a surcharge of 








30p will be made for rendering invoices and statements. 


Order from: The Publisher, British Medical Journal. 
B.M.A. House, Tavistock Square, London WCIH 9JR. 
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published in a microfiche edition simultaneously with the standard paper 
edition. Overseas subscribers to the microfiche edition will receive microfiches, 
by AIR MAIL, within days of publication. The availability of the microfiche 
edition should have great appeal to libraries and other readers far distant from 
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the international standard as laid down by the National Microfilm 
Association of America. These microfiches are produced by a step and 
repeat camera with duplicates produced on silver halide film for 
archival permanence. Each fiche measures 105mm x 148mm and can 
contain up to 98 images filmed at a reduction ratio of 24 x along with 
an eye readable title for identification. Details of microfiche volume 
binders are available on request. 


The subscription prices for each annual volume on microfiche are as follows: 
For subscribers to the paper edition £13.50 (U.S.A. 327-00) 
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THE FIRST tonograph which measures 
intraocular pressure by applanating the eye 
the Alcon Applanation Pneumatonograph 
It also brings a new dimension to the rapidly 
developina field of ocular pulse studies 


The Alcon Applanation Pneumatonograph 


encompasses the following unique features 
li Soft tip, self-aligning applanating sensor 
ll Accurate recorder reading directly in 


mm Hg 
llRemotely positionable magnetic digital 
display 
llModular Design . . . allowing for expansion 
of system 


IIT wo or four minute tonography 
WHeat stylus... no ink required 


The Alcon Applanation Pneumatonograph is 


exciting versatile... and opens a new 
horizon for glaucoma management 
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THE PTG” 


"The Pneumatonograph has the 
advantage of being reproducible in different 
postures: the influence of posture on 
intraocular pressure can therefore be more 
exactly determined. Applanation 
pneumatonography is more versatile as it is 
portable and does not require a slit lamp or 
fluorescein, and a permanent written record 
is available." 


"M. R. JAIN and V. J. MARMION 
BRIT. J. OPHTHAL. (1976) 60, 107" 


For further information apply 


Alcon Laboratories (U.K.) Ltd., 
Ophthalmic Division, 

Imperial Way, Watford. 

Tel: 46133 
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HOW SIMPLENE 
BENEFITS THE PATIENT AS WELL 
AS THE GLAUCOMA. 


Because there is no separate 
dropper, the risk of 
contamination and 
subsequent infection 
is Negligible. 






















Functional shape is highly 
stable, ridged surface 
helps the patient to 
grip the bottle. 


Simplene effectively 


reduces intra-ocular Allin one 

pressure in open bottle and 

angle, primary dropper 

or secondary makes 

glaucoma. Simplene 
easy to use. 

PL 0033/0057 Mo füssend 
bother. 


Convenient plastic 
bottle will not 
break if dropped, 
can be confidently 
carried in handbag 
or suitcase. 





= SIMPLENE 
y Relieves the pressure of glaucoma 
/ Reduces pressure on the patient 


4 «y 
7 Simplene is à 
af Registered Trade Mark 
A f 
Contents will -7 Further information is 
not spill if - ~ A available on request from: 


the bottle is 


Smith & Nephew Pharmaceuticals Ltd 
knocked over 


Welwyn Garden City, Hertfordshire, England 


30050! /1075;8J0 
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Editorial: Beta-blockers and the eve 


Beta adreno-receptor blockers have been in clinical 
use for more than ro years and during this time 
they have proved valuable in the control of hyper- 
tension, angina, and dysrhythmias. Drugs with 
increasing selectivity have been introduced to 
allow control of cardiac receptors without producing 
unwanted side-effects from peripheral vascular 
disturbances or bronchospasm. Practolol was such 
a cardioselective beta-blocker which became avail- 
able for general clinical use in 1970. During 1974 
a unique clinical syndrome was described (Felix, 
Ive, and Dahl, 1974; Wright, 1974, 1975) in 
which a very small number of patients, less than 
os per cent of all treated with the drug, developed 
skin rashes, dry eves with distinctive corneal and 
conjunctival signs, secretory otitis, and fibrous 
thickening of serous membranes leading to a 
fibrosing peritonitis and small bowel obstruction. 
These clinical signs were associated with the 
development of antinuclear antibodies and an 
antibody attaching to intercellular determinants 
(Amos, Brigden, and McKerron, 1975). 

The most recent account of the histopathology 
confirms the distinctive features of the syndrome 
and clearly shows that it is not just another dry- 
eyed state, but that it is a fibrosing polyserositis 
with immunological and ocular aspects (Rahi, 
Chapman, Garner, and Wright, 1976). 

After descriptions had been published on the 
adverse reaction attributed to practolol, a small 


References 


number of case reports appeared suggesting that 
various minor ocular symptoms and signs were 
related to administration of beta-blockers other 
than practolol. In all cases the symptoms and signs 
were non-specific and none showed the unique 
features of the practolol-induced syndrome. 

Patients needing this group of drugs are of an 
age when involution of the lacrimal gland, lid 
conditions-such as disorders of position of the lid 
edge or chronic infection-may produce minor and 
variable symptoms (Wright, 1976). It would seem 
quite impossible to link such non-specific com- 
plaints with administration of any drug and it 
would be unreasonable to compare them in any 
way with the very specific features of the practolol 
adverse reaction, particularly since it has been 
shown that patients suffering from the practolol- 
induced skin reaction suffer no cross-reactivity or 
clinical exacerbation on treatment with another 
beta-blocker (Felix, Ive, and Dahl, 1975). 

Recent work has suggested that beta blockade 
may prove useful in the reduction of intraocular 
pressure although its exact place in the treatment of 
glaucoma has not yet been clearly defined. 

Beta-blockers have proved a valuable group of 
drugs and although one has been shown to cause 
an adverse reaction there would seem to be no 
reason at present to incriminate all this group of 
compounds or to deny any patient treatment which 
promises to prolong or improve the quality of life, 
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Pathology of practolol-induced ocular toxicity 


A. H. S. RAHI*, C. M. CHAPMAN}, A. GARNERS, AND P. WRIGHT} 
From the Institute of Ophthalmology* and Moorfields Eye Hospital}, London 


Practolol is a potent beta-adrenergic receptor 
blocking drug widely used in the management of 
angina pectoris, cardiac dysrhythmias, and syste- 
mic hypertension. Its immediate side-effects are 
usually trivial but latterly, as a result of prolonged 
administration, there have been several reports of 
more serious complications affecting multiple 
systems. Skin rashes, chiefly psoriasiform and 
erythematous with associated hyperkeratosis of 
the plantar, palmar, and digital surfaces, appear 
to be the most common disturbance (Felix, Ive, 
and Dahl, 1974; Wright, 1975), but conduction 
deafness (Wright, 1975) and intestinal obstruction 
secondary to a peculiar sclerosing peritonitis 
(Brown, Baddeley, Read, Davies, and McGarry, 
1974; Meyboom, 1975), are also well known. 
Dryness of the mouth and nasal passages has been 
described and, exceptionally, a syndrome com- 
parable to systemic lupus erythematosus with 
fever, nephropathy, and joint pains has been 
observed (Raftery and Denman, 1973). 

The incidence of ocular lesions attributable to 
practolol is second only to that of skin changes. 
After a brief preliminary report (Wright, 1974), 
the clinical features of the eye changes were 
recorded in detail (Wright, 1975), and it was noted 
that all patients presented with the signs and 
symptoms of a dry eye which later progressed to an 
unusual form of conjunctival fibrosis. In some 
patients corneal opacities and severe ulceration 
developed. Although the pathogenesis is far from 
clear, immunological mechanisms may be involved. 
Several workers (Amos, Brigden, and McKerron, 
1975; Rahi and Garner, in press) have identified 
antibodies with an affinity for the intercellular 
component of squamous epithelium as well as 
antinuclear factors and autoantibodies to smooth 
muscle, 

We report here the ocular pathology in six 
patients with lesions attributable to practolol 
toxicity together with the results of antibody- 
labelling studies. 


Case reports 
CASE I 
A 75-year-old man, with angina following myocardial 


Address for reprints: P. Wright, FRCS, Consultant Surgeon, 
Moorfields Eye Hospital, City Road, London EC1V 2PD 


infarction, was treated with practolol for two and a half 
years. After two years’ medication he developed skin 
eruptions and dry eyes with subconjunctival fibrosis 
causing entropion and requiring surgery to the lids on 
the right side. Subsequently the patient died as a result 
of further, sudden myocardial infarction. 


Histopathology 


Sections of the enucleated globe showed moderately 
severe acanthosis of the conjunctival epithelium and 
complete absence of goblet cells with mild leucocytic 
infiltration of the underlying connective tissue (Fig. 1). 
On one side there was also some acanthosis of the corneal 
epithelium associated with destruction of Bowman’s 
membrane and the formation of a subepithelial vascular 
pannus. Over much of the cornea, however, the epithe- 
lium was reduced in thickness and showed widespread 
cystic degeneration of the basal cells (Fig. 2a, b). Other 
parts of the eye were essentially normal. 

Antibody labelling studies by an immunoperoxidase 
technique described by Taylor and Burns (1974) 
showed immunoglobulin in the intercellular spaces of 
the acanthotic conjunctival epithelium and also between 
individual epithelial cells of the cornea (Fig. 3a, b). The 
antibody belonged principally to the IgG class, although 
weak staining was also achieved with a peroxidase- 
labelled antiserum to IgM. There was no antibody 
staining in the non-pigmented epithelium of the ciliary 
body. 


CASE 2 


A 65-year-old man had had several myocardial 
infarcts and had been taking practolol regularly for 
over three years. After two and a half years on the drug 
he developed bilateral conjunctival irritation and subse- 
quently was admitted to hospital with malaise and a 
psoriasiform skin rash. The ocular lesions progressed to 
cause filamentary keratitis with extensive conjunctival 
scarring and obliteration of the fornices. There was a 
complete absence of tear flow and six months later he 
developed corneal abrasions with severe ulceration 
which, on the left side, went on to perforate. At this 
juncture practolol administration was stopped but, 
although the skin rash resolved, the eye lesions did not 
improve, Six months after the drug had been withdrawn 
the patient died. 


Histopathology 

The right eye was removed post mortem and showed 
extreme corneal thinning with the formation of a 
Descemetocoele, In this area there was gross stromal 
lysis with moderate lymphocytic and vascular invasion. 
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‘Towards the limbus there was again marked inflamma- 
tion with the formation of granulation tissue, fibrinous 
exudation, and loss of much of the covering epithelium 
(Fig. 4). The bulbar conjunctiva was similarly inflamed 
with such epithelium as remained showing acanthosis 
and loss of goblet cells. Antibodies of both IgG and IgM 
classes were demonstrable between individual epithelial 
cells using peroxidase-conjugated antisera. A mild non- 
granulomatous iridocyclitis was also present together 
with some patchy degeneration of the retinal pigment 
epithelium. Other changes could be ascribed to post- 
mortem autolvsis. Examination of the conjunctiva from 
the left eve also showed an intense inflammatory reaction 
with desquamation of all but the basal laver of epithe- 
lium. Goblet cells were absent. 

The lacrimal gland showed massive fibro-fatty replace- 
ment of the parenchyma with a moderate degree of 
lymphocytic and plasma cell infiltration (Fig. 5). Only a 
few scattered islands of ductal epithelium remained and 
there was no sign of secretory tissue. Immunoperoxidase- 
labelled antibody staining showed immunoglobulin 
within the plasma cells, but its presence around residual 
glandular elements was equivocal because of artefacts 
caused by post-mortem diffusion. Samples of peri- 
toneum, pleura, and pericardium were also examined 
and found to be very lightly infiltrated with lymphocytes 
with mild to moderate degrees of fibrous thickening. 


CASE 3 


A 72-year-old woman, who was confused, deaf, and a 
poor historian, developed a skin rash, dry eyes, conjunc- 
tival scarring, breakdown of the corneal epithelium, and 
gradual loss of corneal stroma after taking practolol 
regularly for several years. She had also had several 


episodes suggestive of small-bowel obstruction due to 
sclerosing peritonitis, and she eventually died from 
cardiac failure. 


Histopathology 


A biopsy of the conjunctiva seven months before death 
showed mild lymphocytic infiltration of the stroma and 
IgG IgM antibody between the cytoplasmic membranes 
of the overlying squamous epithelium, The epithelium 
was slightly acanthotic with increased stratification and 
there was complete absence of goblet cells. 

Examination of the eyes post mortem showed much 
epithelial and stromal ulceration of the central cornea 
with leucoevtic infiltration and vascularization of the 
surrounding tissue. Residual corneal epithelium at the 
edges of the ulcers was mildly dysplastic (Fig. 6) and 
the acanthotic epithelium of the conjunctiva included 
foci of cystic degeneration, Both eves also showed 
moderately 
while immunoperoxidase staining not only confirmed 
the presence of antibody in the epithelial surfaces of the 
conjunctivae and corneae but also showed immuno- 
globulin within the lens epithelium. 

Changes in other tissues included varying degrees ot 
fibrous thickening of the pleural, pericardial, and peri- 
toneal surfaces associated with diffuse lymphocytu 
infiltration (Fig. 7). No lacrimal gland tissue could be 
found but the parotid, submandibular, and minor 
salivary gland elements of the buccal mucosa showed only 
trivial foci of lymphocytic infiltration and no apparent 
tissue damage. Also, although antibody could be demon- 
strated in the intercellular spaces of the squamous 


severe non-granulomatous  iridocyclitis, 


epithelium of the buccal mucosa, tongue, oesophagus 
and skin, there were no associated tissue changes 
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Decaleified sections of the inner ear showed neither 
antibody fixation nor epithelial abnormality, 


CASE 4 


A 65-year-old man, who had been taking practolol 
regularly for two years presented with iritis and increased 
intraocular pressure. Two months later he developed a 
marginal corneal ulcer in the right eve which failed to 
respond to carbolization and treatment with cysteine 
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and steroids. Consequently a tarsorrhaphy was per- 
formed, but even this did not prevent the ulcer pro- 
gressing to create a small perforation. The ocular tension 
continued to be raised and rather less than one year 
after ocular lesions first developed the right eye had 
to be enucleated, 


Histopathology 


There was marked vascular congestion and leucocytic 


FtG, 2b Another 
part of the same 
cornea showing 
intense basal cell 
oedema and cystic 


~ degeneration. 
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infiltration of the bulbar conjunctiva associated with 
acanthosis of the overlying epithelium, loss of goblet 
cells, and considerable subepithelial fibrous tissue 
proliferation, The epithelium of the cornea showed 
cvstic degeneration and absence of Bowman's membrane 
over a wide area with vascularization of the peripheral 
stroma. There was also deep stromal ulceration between 
the centre of the cornea and the inferior limbus with a 
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FIG. 3à Case 1 
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small perforation. The iris was partially bound to the 
margins of the perforation and back of the cornea and 
there was a moderate degree of chronic iridocyclitis. ‘The 
lens was cataractous with anterior subcapsular fibrosis 
related to the formation of posterior svnechiae: rupture 
of the lens capsule was also seen. No significant abnor- 
mality was seen in the posterior segment of the globe 
Immunoperoxidase studies showed the presence ol 


ric. 3b Similar 
preparation 
showing 
predominance of 
antibody fixation 
in the basal and 
prickle cell layers 
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weak but unequivocal IgG antibody between the cells of 
the conjunctival and corneal epithelium. 


CASE § 
A 65-year-old woman, with angina following myo- 
cardial infarction, was treated with practolol for four 
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FIG. 4 Case 2. 
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years. She developed hyperkeratotic skin lesions after 
one vear and her eves became sore after three Years on 
the drug. Reduced tear flow with subconjunctival 
hbrosis developed leading to large, persistent epithelial 
erosions and rapidly maturing cataracts. The left cornea 
was covered with a conjunctival flap after intracapsular 
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scattered collecting 
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removal of the cataract. The right eye was managed with 
a soft contact lens. 


Histopathology 


Biopsy of the conjunctiva of the right eye showed marked 
acanthosis and spongiosis of the epithelium with absence 
of goblet cells and pronounced chronic inflammation 
of the underlying stroma (Fig. 8). There was also 
polymorphonuclear leucocytic infiltration of the epithe- 
lium but immunoperoxidase studies showed only weak 
antibody fixation in the intercellular spaces. Subse- 
quently examination of the lens and a portion of iris 
from the left eve showed cataractous lens changes and 
mild iritis. Immunoglobulin, as revealed by immuno- 
peroxidase-labelled antibody, was present beneath the 
capsule of the lens and in the iris stroma. In neither 
structure, however, was there any evidence of comple- 
ment (C ^.) fixation. 


Electron microscopy 

‘There was no apparent cellular abnormality in the con- 
junctival epithelium apart from the absence of goblet 
cells and the presence of polymorphonuclear leucocytes 
(Figs 9, 10). The cytoplasmic membranes of individual 
squamous cells were intact, the desmosomal junctions in 
particular being normally formed and undisturbed. 
Similarly the hemidesmosomal junctions between the 
basal epithelium and the basement membrane appeared 
to be healthy (Fig. 11). 


CASE 6 
A 57-year-old man, with widespread arterial disease 
and hypertension, was treated with practolol for two 
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and a half vears. At the erd of two years he had developed 
hyperkeratosis of his hands and a generalized psoriasi- 
form skin eruption. The eyes became sore shortly after- 
wards with dryness, subconjunctival fibrosis, large 
persistent epithelial erosions of the corneae, and rapidls 
maturing cataract. Both eves were treated with largi 
doses of corticosteroids, while the left cornea was covered 
with a conjunctival flap and an intracapsular cataract 
extraction was carried. out. He subsequently had 
several episodes of small-bowel obstruction due to 
fibrosing peritonitis, but these settled on conservative 
treatment, 


Histopathalog y 


Limited scrapings of the corneal epithelium. of. the 
right eve failed to show any morphological abnormality 
although immunoperoxidase staining showed the 
presence of IgG antibody and the €, component ol 
complement between individual epithelial cells, Exami- 
nation of the conjunctiva four months later showed an 
acanthotic epithelium devoid of goblet cells, Imme- 
diately beneath the epithelium there was considerable 
plasma cell and lymphocytic infiltration associated with 
reactive fibrosis. Immunoperoxidase studies of unfixed 
and washed tissue confirmed the presence of IgG IgM 
antibody in the interepithelial spaces, but staining for 
complement (C',) was entirely negative. 


Discussion 


The conjunctival lesions associated with prolonged 
practolol administration take the form of thickening 
and acanthosis of the epithelium with loss of goblet 
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cells and chronic inflammatory changes leading to 
fibrosis in the underlying stroma. The corneal 
epithelium appears to be less obviously affected 
but may show cystic degeneration, while in two of 
the present cases there was pronounced epithelial 
and stromal ulceration progressing to perforation. 
Stromal or subepithelial vascularization was a 
feature of corneae showing epitheliopathy and 
ulceration. In part it is probably appropriate to 
attribute the epidermalization of the conjunctival 
epithelium to inadequate flow of tears, since 
dryness of the eye is a constant clinical finding in 
patients with ocular lesions (Wright, 1974; 1975). 





FIG. 7 Case 3. Section of lung 
showing marked fibrous thickening of 
the overlying plasma. Scanty 
lymphocytes also present. 
Haematoxylin and eosin, > 230 


In neither of the two cases examined post mortem 
could any functional lacrimal gland tissue be 
found. The absence of secretory IgA in the limited 
tear secretion (Wright, 1975; Rahi and Garner, 
in press) also emphasizes the failure of lacrimal 
gland function. Nevertheless, xerophthalmia alone 
is not usually associated with the measure of sub- 
epithelial fibrosis seen in the conjunctivae of eyes 
damaged by practolol, which suggests that the 
lesion might represent a combination of deficient 
tear flow and a primary change in the tissues of 
the conjunctiva. Disappearance of goblet cells, 
which was noted in all specimens, would probably 


contribute to the epithelial changes in the cornea 
since the mucus secretion of the conjunctiva is 


intimately concerned with the maintenance of 


corneal hydration (Lemp, Dohlman, Kuwabara, 
Holly, and Carroll, 1971; Dohlman, 1971). The 
immediate cause of the goblet cell loss is not clear 
but the parallel with pemphigus, benign mucous 
membrane pemphigoid, and Stevens-Johnson syn- 
drome suggests that it is related to degenerative 
and reactive changes in the squamous epithelium. 
Similarly, although ulceration of the cornea is 
likely to be facilitated by xerosis, it is also possible 
that intrinsic changes in the corneal epithelium are 
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MiG. S Case 5. Spongiosis of 


acanthotic conjunctival epithelium 
associated with presence of 
lymphocytes, plasma cells, and 
proliferating fibroblasts in underlying 
stroma, Haematoxylin and eosin, 


455 


involved, spongiosis and intraepithelial cyst forma- 
tion, comparable to that observed as a result of 
practolol medication, having been recorded in a 
variety of corneal conditions in which there is 
defective epithelium (Tripathi and Bron, 1973). 
Necrosis, or ‘melting’ of the corneal stroma, 
might be a further index of an abnormal epithelium 
(Slanskv and Dohlman, 1970). 

As vet, however, the cause of the intrinsic epithe- 
lial defect is uncertain. The finding of the immuno- 
globulin between individual epithelial cells is 
reminiscent of pemphigus, in which similarly 
located antibodies have been described. In. pem- 
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phigus the antibody appears to be directed against 
the intercellular desmosomal attachments and 
exacerbations of the disease are commonly pre- 
ceded by a rise in antibody titre (Sams and Jordan, 
1971), while repeated injections of antiserum 
directly into the skin of monkevs have been claimed 
to provoke acantholysis (Beutner, 1973). On the 
other hand, some workers (Amos and others, 
1975) consider the reported evidence for the toxic 
properties of pemphigus antibodies to be uncon- 
vincing and suggest that the antibody could be 
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merely a cytophilic immunoglobulin which attaches 
in a non-specific manner to squamous epithelium. 
Apart from analogous uncertainties, the auto- 
antibodies associated with practolol toxicity differ 
from those in pemphigus in combining with a 
component of the intercellular space which is 
removed by trypsin digestion, whereas the affinity 
of pemphigus antibody for epidermal cell mem- 
branes is not affected by trypsinization (Amos 
and others, 1975). Moreover, bullous skin eruptions 
comparable to pemphigus are not a feature of the 


rash associated with practolol administration (Felix 
and others, 1974; Wright, 1975). In addition, 
despite our finding that fixation of immunoglobulin 
to epithelial cell membranes was present in unfixed 
tissue subjected to prolonged washing, and thus 
unlikely to be an artefact due to non-specific fixation 
of protein diffusing from the adjacent blood vessels, 


we were unable to demonstrate complement 
fixation in such tissue. This suggests that in-vivo 
activation of complement does not occur and that, 
consequently, the antibodies are probably not 
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FIG, 10 
Electron 
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showing normal 
complement of 
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Junctions between 
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cytotoxic. In which case the formation of auto- 
antibodies in patients with practolol-induced 
ocular disease is more likely to be secondary to 
epithelial damage than its cause, although the 
possibility that the effect of the lymphoid response 
was impeded by topical corticosteroid application 
should not be overlooked. 

The cause of the lacrimal gland damage is also 
uncertain. The presence of antinuclear factor, the 
evidence of reduced salivary secretion in many, 
the report of joint pain in occasional patients 
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FIG, II 


absence of any structural abnormality. = 12 500 


(Raftery and Denman, 1973), and the histological 
evidence of lymphocytic infiltration of the gland 
are superficially suggestive of a Sjógrenoid lesion. 
Alternatively, in contrast to a predominantly 
immunological reaction it may be that direct drug- 
induced toxicity is responsible (Wright, 1975). 
But here again, although experiments in laboratory 
animals indicate that practolol is prone to accu- 
mulate in the lacrimal gland parenchyma, the drug 
appears to be well tolerated by these animals, neither 
immune response nor lacrimal damage accruing. 

Because the incidence of oculodermal toxicity in 
patients receiving practolol is of a quite low order 
it is probable that an individual idiosyncrasy, 
possibly genetically determined, is involved. 

Of the two cases in which the lens was studied 
one was cataractous and both showed some fixation 
of antibody in the subcapsular epithelial region, 
The absence of detectable complement fixation, 
however, suggests that the uptake was possibly 
non-specific and probably inconsequential. 


Case 5. Electron micrograph of junction between basal epithelium and its basement membrane showing 


The finding of fibrous thickening of the perito- 
neum, pleura, and pericardium in cases 2 and 3 is 
analogous to the serosal lesions described by 
Windsor, Kurrein, and Dyer (1975), although in 
our cases the degree of thickening was insufficient 
to produce such intractable abdominal symptoms 
as those described in other reports (Brown and 
others, 1974; Meyboom, 1975; Windsor and 
others, 1975). 


Summary 


The ocular side-effects of prolonged practolol 
administration concern the cornea and conjunctiva 
and are related to deficient tear secretion and the 
formation of an autoantibody which has an affinity 
for the intercellular zones of squamous epithelium. 
Histopathological study of six cases, including a 
review of the necropsy findings in two, showed 
destruction of lacrimal gland tissue, epidermaliza- 
tion of the conjunctival epithelium, with epithe- 


holysis and stromal ulceration of the cornea 
leading to perforation in two patients. Immuno- 
peroxidase studies showed fixation of specific 
antibody in the corneal and conjunctival epithelium 
but, in the one case in which the tissue could be 
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Ageing and degeneration in the macular region: ` 


a clinico-pathological study 


S. H. SARKS 
Lidcombe Hospital, Sydney, Australia 


Certain changes at the macula can be attributed to 
normal ageing. Metabolic waste accumulates in 
the cells of the retinal pigment epithelium. Con- 
nective tissue, especially altered collagenous fibres, 
increases in Bruch’s membrane, and vascular 
changes inherent in the vessels themselves can be 
shown in the choroid. Which of these ageing 
processes is implicated in the pathogenesis of 
senile macular degeneration or at what stage they 
become pathological is uncertain. Most cases of 
senile macular degeneration are believed to be due 
to sclerosis and obliteration of the choriocapillaris 
in the central area (Duke-Elder, 1966), while 
electron microscopic studies by Hogan (1967, 
1972) emphasized the role of ageing changes in 
Bruch’s membrane and the retinal pigment epi- 
„thelium. 

Senile macular degeneration shows a wide 
spectrum of clinical appearances, reflecting the 
different anatomical levels predominantly affected 
at the time. Thus the fundus may present a distur- 
bance of retinal pigmentation, exposure and abnor- 
mality of the choroidal vessels, drusen of various 
appearances, evidence of exudation, haemorrhage 
or neovascularization from the choroid, and intra- 
retinal and preretinal changes. This has resulted 
in the recognition of many distinct and generally 
unrelated entities since the diséase was originally 
described by Haab (1885). The most significant 
advance in recent years stems from the original 
demonstration by Verhoeff and Grossman (1937) 
that senile disciform degeneration results from the 
organization of haemorrhage beneath the retinal 
pigment epithelium. The cause of this haemorrhage 
was investigated by subsequent observers, notably 
by Maumenee (1965), and by Gass (1967), who 
formulated our current knowledge of the predisci- 
form state when he proposed that neovasculariza- 
tion from the choroid may occur in response to the 
accumulation of abnormal deposits beneath the 
pigment epithelium and that this may precede 
haemorrhage. 

Current interest therefore centres on the recogni- 
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tion of thc predisciform state and the usc of photo- 
coagulation to prevent the complications of sub- 
retinal neovascularization. A definitive form of 
treatment has thus been evolved, although appli- 
cable to only a limited number of patients suffering 
from an advanced degree of degeneration. Further, 
it has been difficult to rationalize and to evaluate 
this treatment because the natural history of the 
disease remains poorly understood (Gass, 1973). 
Not surprisingly, thereforc, the majority of ophthal- 
mologists regard degenerative disease of the retina 
and the macula as the most difficult to treat and the 
most in need of research (Hammond and Spalter, 
1973). 

The present investigation reports the results of 
clinical and pathological examination of 378 eyes. 
The aim of this study was to identify the age- 
related changes in the retinal pigment epithelium, 
Bruch's membrane, and choriocapillaris which 
could be regarded as normal and to relate the pro- 
gression of these changes to the evolution of senile 
macular degencration. 


Material and methods 


Histological examination was performed on 378 eycs 
in which the macula had presented a variety of clinical 
appearances ranging from normal to the late manifesta- 
tions of senile macular degeneration. This series did not 
include eyes suffering from degenerative myopia, 
retinal vascular disease affecting vision, advanced 
simple glaucoma, or eyes in which an adequate view of 
the macula had not been obtained clinically. The 378 
eyes were collected during the period 1966—75 from 216 
patients, 199 men and 17 women, whose ages ranged 
from 43 to 97 ycars. All patients had been admitted to 
Lidcombe Hospital, generally for long-term care, and a 
full ocular cxamination was performed at intervals. 
Fundus photographs were taken whenever possible and 
selected patients were submitted to fluorescein angio- 
graphy. The average interval between the last clinical 
examination and the time of death was 16:4 months. 
When eyes became available after death they were 
fixed in Lillie's buffered formalin. They were opened in 
the horizontal plane and examined macroscopically. 
The position on the sclera corresponding to the macula 
was localized by observing the tip of a fine probe during 
transillumina‘ion, and the spot was marked with con- 


centrated Harris’s haematoxylin solution, The eves 
were then double embedded (Tait Smith, 1976). 
Serial sections 8 um thick were cut horizontally through 
the dise and the macula. Every tenth section was 
stained by the picro-Mallory method as modified by 
Lendrum, Fraser, Slidders, and Henderson (1962) and 
examined histologically. This stain was selected for 
routine use as it distinguishes fibrin (red), collagen 
(blue), and neural tissue (pink). In areas of interest the 
intervening sections were examined after staining with 
the following: haematoxylin and eosin, luxol fast blue, 
periodic acid-Schiff, Verhoeff's elastic stain, chloranilic 
acid, Wilder's silver stain, Mallory's PTAH, and congo 
red. 


Results 


Histological changes associated with ageing were 
detected at the level of the retinal pigment epithe- 


lium, Bruch’s membrane, and choriocapillaris 
before clinical abnormality became apparent. 


Subsequent changes in these tissues also correlated 
closely with the clinical progress of senile macular 
degeneration. In the present investigation the 
ageing and degenerative changes at the macula 
were therefore classified according to the histology. 

The age-related changes in Bruch's membrane 
comprised thickening, hyalinization, patchy baso- 
philia, and precipitation of calcium crystals with 
chloranilic acid. These changes were first seen 
beneath the macula and adjacent to the disc and 
remained most advanced in these regions. An 
arbitrary assessment of the findings was made in 
sections beneath the fovea. The thickness of a 
representative segment of the membrane was 
compared to the vertical diameter of the under- 
lying choroidal capillary. The thickness was then 
expressed according to whether Bruch's membrane: 
choriocapillaris was one-quarter or thinner, one- 
third, or one-half or thicker (Fig. 1). 

Hyalinization of the membrane was indicated 
by increased periodic acid-Schiff positivity and a 
change from blue to red staining with the picro- 





Ageing and degeneration in the macular region 325 


Mallory method. The extent was noted to the 
nearest half disc diameter and four grades were 
recognized, Grade 1 referred to small patches 
which appeared in the fifth decade and later became 
continuous. Grade 2 hyalinization extended into 
the intercapillary pillars (Fig. 2) and grade 3 
hvalinization reached the level of the outer surface of 
the choriocapillaris (Fig. 3). Hyalinization com- 
pletely surrounding several choroidal capillaries 
was occasionally observed (grade 4). 

Two types of drusen were noted on Bruch's 
membrane. Some deposits were hyalinized and 
globular in shape, others were dome-shaped and 
had a granular structure. These drusen could also 
be distinguished on clinical examination, the 
former appearing round and discrete while the 
latter showed greater variation in size and shape 
with ill-defined outlines. 

The earliest light microscopic evidence of 
disturbance to the pigment epithelium was asso- 
ciated with the appearance of a finely granular 
deposit at the base of the cells. This material was 
eosinophilic, was unstained with luxol fast blue, 
was only moderately positive to periodic acid- 
Schiff, but stained blue with the picro- Mallory 
method. The formation of this basal linear deposit 
beneath the macula proved the most reliable histo- 
logical criterion of the stage of the disease and 
correlated most closely with the clinical findings, 
although this was influenced to some extent by the 
time interval between clinical and histological 
examinations. 


HISTOLOGICAL GROUPS 


The eyes were divided into six groups according 
to the degree of histological abnormality (Fig. 4). 
The first four groups reflected the progressive 
development of the basal linear deposit and the 
visual acuity recorded in these eyes is shown in 
Table I. Groups V and VI represented the late 
of geographical 


stages atrophy and disciform 
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ric. 4 Diagram illustrating histological classification of 378 eyes according to development of basal linear deposit 


under retinal pigment epithelium 
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FIG. 1 Example of Group IH. 
Section passing through macular 
region of patient aged 86 with 
normal fundus and 6/12 vision, 
Marked thickening of Bruch's 
membrane encroaching on 
choroidal capillary, ratio 
thickness membrane : capillary 
lumen almost 1:1. Localized 
deposit of blue staining finely 
granular matertal related to 
thickened membrane. 

Picro- Mallory. ~ soo 


FIG. 2. Example of Group I. 
Section through normal macula 
of left eve of patient whose right 
fundus is illustrated in Fig. s. 
Bruch's membrane shows grade 2 
hyalirization and there ts no 
evidence of basal material under 
retinal pigment epithelium. The 
pigmented choroid is of normal 
thickness and vessels are normal. 
Picro- Mallory. < 1350 


FIG. 6 Example of Group IT. 
Section through paramacular 
area of left eye of 72-year-old 
man with 6/6 vision and normal 
fundus. Beneath retinal pigment 
epithelium localized deposits of 
finely granular material are 
related to deeply staining 
segments of Bruch's membrane. 
These segments were basophilic 
with haematoxylin and eosin 
stain. Picro-Mallory. = soo 


FIG. 7 Example of Group ILI. 
Section through macula of 
79-year-old man whose fundus 
had appeared normal with 6/9 
vision. Basal linear deposit now 
forms thin continuous layer and 
Bruch's membrane shows 
widespread grade 3 hyalinization 
extending into the intercapillary 
pillars to the level of outer 
surface of choriocapillaris. 
Picro- Mcllory. x75 


FIG. 3 Example of Group IV, showing thick 
basal linear deposit related to grade 3 
hyalinization of Bruch's membrane. Section of 
eye shown in Fig. 11. Picro- Mallory. ~ 500 


riG. 8. Example of Group IV. Section through 
macula of 83-year-old man whose fundus had 
shown coarse pigmentary disturbance although 
vision had remained 6 9. Note thick continuous 
basal linear deposit and degeneration of 
overlying pigment epithelium with liberation of 
pigment-laden cells into subretinal space. 
Bruch's membrane shows thickening and pillars 
of grade 3 hyalinization, Picro- Mallory. = 150 


ric. 17 Example of Group IV progressing to 
Group V. Sections passing through macula of 
eye in Fig. 16. Basal linear deposit forms 
continuous hyalinized and very thickened layer 
under macula, Pigment epithelium shows marked 
attenuation and seems about to disappear. 

Top : periodic acid-Schiff. ~ 45. 

Bottom : Picro- Mallory. ~ 150 


FIG. 22 Example of Group VI. Section passing 
through disciform scar in eve of 80-year-old 
patient. Hyalinized basal linear deposit has been 
folded into the mass by successive waves of 
fibrous tissue, Picro-Mallory. ~ 300 
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degeneration in which vision was greatly reduced 
when the fovea was involved, ‘Table I] shows the 
associated histological and clinical findings, and 
‘Table III shows the age distribution of the 216 
patients. 


Group I (No basal linear deposit) 


In this group (120 eyes) there was no trace of the 
basal linear deposit and the retinal pigment epi- 
thelium appeared normal. The average extent of 
grade 2 hyalinization of Bruch's membrane was 
2:0 disc diameters, and even eyes from patients in 
the 40 to 50 year age group showed some evidence 
of grade 1 hyalinization. Small drusen of the hya- 


Table I 


(333 eves) 
fy EN 


Visual acuity recorded in Groups 1-IV 


Visual Group Group Group Group 
acuity / I] IlI IV 

66 66 (55:0) 29 (26'1) 6 (10:0) 2 (4-5) 
6.9 17(147:2) 32(28:9) 23 (38:3) 2 (4°8) 
6 12 6 (3:0) IS (16:2) 12 (20-0) 8 (19:0) 
6138-624 4 (3°3) 0 (8:1) 12 (20:0) 17 (40°5) 
« 6/24 2 (1:7) 1 (0:9) t (1:7) 10 (23°) 


22 (19:8) 


Unknown 25 (20°8) 6 (10:0) 3 (771) 
‘Total 120 EE 6o 42 
—————————— ——— 


Percentages are shown in parentheses 





Normal right fundus of man aged 67. Left 
fundus was identical. Vision 6 6 in both eves 


FIG. § 


linized globular variety were noted in 23 eyes 
but had no detectable effect on vision, although 
none was located at the fovea. 

The average age of patients in this group was 
67°5 years and no pigmentary changes were noted 
on clinical examination. Figs 2 and s illustrate 
these normal findings. 6/6 vision was recorded in 


Table II Clinical and histological findings in 378 eves, grouped according to appearance of basal 


linear deposit 


—_—$—$—$——— 


Group I Group Il 
No. of eyes 120 rit 
Basal linear deposit Absent Patchy 
Bruch’s membrane choriocapillaris 
(a) Average limits of 
hvalinization in disc 
diameters 
Grade 2 2:0 2:3 
Grade 3 Nil odd pillars 
(b) Thickness of membrane* I I 
) 
capillary lumen 1:7 1 


Incidence of subretinal 

neovascularization (percentage) o o 
Clinical disturbance of 
pigmentation (percentage) 


Nil 100 904 
Fine o v6 
Coarse O re] 


Average age of patients (vears) 


Group 111 Group IV Group V Group VI 
bo 42 24 21 
‘Thin Thick 


continuous 


l'ersists Incorporated 


continuous after loss into SCIT 


of pigment 


3°0 v9 Sg 37 

1°O yo 3'7 13 

I I I 
2:0 2:3 2:2 2*4 

o 4*3 41:7 100 
41:6 47 Geographic.  Disciform 
46:7 16:7 atrophy degeneration 
1i°7 75:6 


as: Sig 


s | 


Average 
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Table II Age distribution of patients according to histological classification of 378 eves 
Group 1 

Age 0000 ————————— Group Il Group II Group IV. Group K Group VI Total 
group Viston 6/6 Viston. « 6/6 

-89 16 13 2 o o o © 33 
bo-Oy9 29 F 25 4 o o o 6s 
70-79 21 17 43 i4 2 7 IIS 
So- Sy o 15 38 34 22 20 [4 143 
90 ! e o 3 8 0 2 G 22 
Total 66 54 111 bo a 24 21 379 


only 66 of the 120 eyes, and in none of the eyes of 
patients aged 8o years and over (Table IIl). In 
most eyes the lowered visual acuity was ascribed to 
hazy media or to failure of concentration, but in 
others no cause was apparent. 


Group II (Patchy basal linear deposit) 


In this group (111 eves) the basal linear deposit 
appeared in patches beneath three to eigbt retinal 
pigment cells, which showed slight distortion. The 
average extent of grade 2 hyalinization of Bruca's 
membrane was 2:5 disc diameters with occasional 
pillars of grade 3 hvalinization. Grade 3 hyaliniza- 
tion was associated with widening of some pillars 
and also with thickening of the membrane, resulting 
in encroachment on the choriocapillaris. It was 
at this stage that degenerative changes in the 
overlying pigment epithelium were first observed 
(Figs 1, 6). Drusen were present in the macular 
region in 22 eyes and were predominantly of the 
hvalinized globular variety. 

The average age of patients in this group was 
75:5 years and nearly all eyes showed no clinical 
disturbance of pigmentation (Table H). The most 
commonly recorded visual acuity was 6/9 (Table I), 
with an about equal incidence of eyes in which 
vision was better (26:1 per cent) and worse (25:2 
per cent). 


Group HHI (Thin continuous basal linear deposit) 


[n this group (60 eyes) the linear deposit formed a 
thin continuous layer under the macula. The 
average extent of grade 3 hyalinization was r'o 
disc diameter but the deposit sometimes extended 
more widely, becoming patchy before petering out 
(Fig. 7). The overlying pigment cells were irregular 
and the outline of individual cells was less distinct 
so that they appeared fused together. The rod and 
cone processes were generally separated from the 
pigment epithelium at the macula and some ap- 
peared stunted. Drusen were present in 25 eyes 


with an about equal incidence of the hyalinized 
and granular varieties. 

The average age of patients in this group was 
81:9 years. The most common visual acuity was 
again 6/9, but 6/6 vision was recorded in only 
10 per cent of the eyes. More than half the eves 
showed a clinical disturbance of pigmentation, 
predominantly a fine clumping of pigment (Table 
ID, and this included 23 of the 25 eyes with histo- 
logical evidence of drusen. T'he incidence of fundus 
abnormality is probably underestimated owing to 
the interval after the clinical examination. 


Group IV (Thick continuous basal linear deposit) 


This group (42 eyes) showed thickening of the 
basal linear deposit, sometimes to about the height 
of normal pigment epithelium (Fig. 8). Globules of 
hyalinized material and small foci of calcification 
were sometimes demonstrated in the material. The 
pigment epithelium appeared as an attenuated 


layer in which cell outlines were lost and nuclei 


were few. In some areas proliferative changes were 


observed, large pigment-laden cells being shed into 
the subretinal space, and occasional cells contained 
hyalinized material or developed cvstic changes. 
Localized mounds of pigment granules were also 
noted. The photoreceptors, which were sometimes 
absent over the mounds of pigment granules, 
showed a greater degree of retraction and distor- 
tion in this group. The basal linear deposit attained 
its maximum thickness over grade 3 hyalinization 
of Bruch's membrane, the average extent of which 
was 3°0 disc diameters. The underlying choroidal 
capillaries were wide-spaced and often narrowed, 
so that the average ratio of membrane thickness to 
capillary lumen was almost 1:2. This was due not 
only to encroachment by the thickened membrane 
but also to reduction of the capillary lumen by 
surrounding fibrous tissue. Drusen were present in 
15 eyes. They were mainly of the granular type 
and several were undergoing calcification. 

Six of the 42 eves (14:3 per cent) showed thin 
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capillary 


membranes passing through gaps in 
Bruch’s membrane and spreading beneath the 
retinal pigment epithelium in the macular region 
for up to half a disc diameter. Drusen were a 
conspicuous feature in two of these eyes but were 
not immediately related to the breaks in the mem- 
brane, the capillaries invading the basal linear 
deposit (Fig. 9). Giant cells were often prominent 
near the gaps in the membrane but were also 
found in relation to thinned segments of the mem- 
brane where serial sections did not show a break 
in the immediate vicinity (Fig. 10). 

The average age of patients in this group was 
54 years and the youngest was aged 70. The most 
commonly recorded visual acuity was 6/24 and 
almost all eves showed a clinical disturbance of 
pigmentation which was predominantly coarse. 
Fig. 11 shows the tigroid fundus of a 9o-vear-old 
man with fine pigmentary changes and 6/9 vision. 
The basal linear deposit was widespread under the 
macula (Figs 12, 13) and was appreciably thickened 
over grade 3 hyalinization (Fig. 3). An electron 
microscopic section was taken from the paraffin 
block in this area. This technique is unsatisfactory 
for fine detail but shows the thick deposit lying on 
Bruch's membrane (Fig. 14). The hyalinized mem- 
brane and the intercapillary pillars contain irregular- 
banded collagen, vesicles, and tube-like structures. 
The electron micrograph (Fig. 15) represents the 
macular region of a man aged 71 who showed 
coarse pigmentary mottling in both eves, and 


FIG. 9 Section through 
macular area of 72- 
Das vou oss ar year-old man whose 
- fundus had shown coarse 
pigmentary disturbance, 
vision 6 18. Capillary 
(arrow) passes through 
small gap in Bruch's 
membrane to invade 
basal linear deposit. 
Picro-Mallory. 300 


FIG. IO Section 
showing giant cell 
beneath thinned segment 
of Bruch's membrane in 
eye from 77-year-old 
man. There scere several 
areas of fibrovascular 
invasion but serial 
sections did not show 
break in Bruch's 
membrane at site of 
giant cell, 


Sf | Picro- Mallory. = 500 


histological examination of the fellow eve showed 
a thick layer of basal material. ‘The deposit contains 
banded material lying between the plasma infoldings 
of the retinal pigment epithelium and the base- 
ment membrane. 

Fig. 16 shows the tigroid fundus of an 8o-vear- 





FIG, II 


Tigroid fundus of 90-year-old man. Macula 
showed fine pigmentary disturbance. Vision 6'9 
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old man. Coarse clumps of pigment were distributed 


around a central hypopigmented area. Sections 
through this area showed the basal linear deposit 
to be much thickened and hyalinized, while the 
pigment epithelium remained only as a very 
attenuated layer and seemed about to disappear 
(Fig. 17). This was the most extreme example of 
thickening of the deposit found in Group IV, as in 
the other eyes it did not exceed the height of the 
normal pigment epithelium. Further, this group 
included three eyes in which the deposit did not 
show thickening although the pigment epithelium 
was similarly attenuated and formed occasional 
mounds of pigment granules. In these eyes the 
deposit was not hyalinized and appeared to have 
faded with the pigment epithelium. 


Group V (Basal linear deposit with loss of overlying 
pigment) 
In this group (24 eyes) loss of the retinal pigment 


epithelium produced areas of geographical atrophy 
visible clinically (Fig. 18). On histological examina- 
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FIG. 12 Sectton through 
macula of eve shown in Fig 
Note thinning of choroid 


accentuating prominence of 





PETAN 


larger vessels. 
Pi ro-Mallory ; 00 
FIG. 13 Section through 


paramacular area of same eve 
showing grade 3 hyalinization 
of Bruch's membrane and 
continuous basal linear 
deposit. Pigment cells show 
irregularity, cystic spaces, 
and indistinct cell outlines. 
In a choroidal artery there is 
replacement of muscle hy 
fibrillar fibrous tissue. 
Picro-Mallory. > 300 


tion the hyalinized basal linear deposit could be 
traced throughout the depigmented area in most 
eyes. The deposit also extended for some distance 
beneath the adjacent pigment epithelium, which 
showed the same changes as noted in Group IV. 
At the edge of the depigmented area the histological 
changes were constant. The pigment epithelium 
often ended in a group of proliferated cells, while 
the photoreceptors showed progressive degenera- 
tion as they approached the atrophic area in which 
they disappeared. The external limiting membrane 
ended in a curved line and the outer nuclear layer 
also disappeared so that the outer plexiform layer 
rested directly on the basal material (Fig. 19). 
Occasionally an island of persisting photoreceptors 
converged on a cluster of degenerating pigment 
cells. ‘The choroid was often more atrophic in 
these eyes and many choroidal capillaries showed 
partial obliteration by fibrous tissue in the depig- 
mented area. The narrowing of the capillaries often 
occurred abruptly where the pigment epithelium 
ended (Fig. 20). In capillaries 
Bruch's membrane 


relation to these 


appeared disproportionate], 
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FIG, 14 


thick but in actual measurements the membrane 
was often thinner than in Group IV, particularly 
in those eyes in which clinical observation had 
confirmed the loss of the pigment epithelium to 
be of long standing (Fig. 21) 


Electron micrograph of eve in Fig. v1. Section taken from area of basal linear deposit depicted in Fig. 3. 
This technique is unsuitable for fine detail but shows a thick layer of amorphous material (BLD) lying on Bruch's 
membrane (BM). The material in intercapillary pillars extends to level of outer surface of choriocapillaris (CC) and 


consists of irregular-banded collagen, vesicles, and tube-like structures. 6820 


Fifteen eyes showed drusen of both types. All 
of the granular variety showed calcification and 
some also contained avascular fibrous tissue. Neo- 
vascularization from the choroid was demonstrated 
in 10 eves, including six of the eyes with drusen, 





FIG. 15 


BM = Bruch's membrane. > 19 250 


and in seven eves the breaks in Bruch's membrane 
were multiple. The fibrovascular tissue was more 
extensive than in Group IV but did not obscure 
the underlying choroid on clinical examination, 
unlike the thicker scars of disciform degeneration. 


The areas of geographical atrophy were either 


present at the time of the first clinical examination 
or were observed to develop gradually within an 
area of coarse pigmentary mottling. The average 
age of patients in this group was 85°60 years and 
the most commonly recorded visual acuity when 
the fovea was involved was 3/60. 
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Electron micrograph from macular region of man aged 71 whose fundus had shown coarse pigmentary changes 
Histological examination of the fellow eve revealed thick basal linear deposit. The deposit (BLD) contains banded 
material lying between plasma infoldings of retinal pigment epithelium (arrow) and the basement membrane (bm) 


Group VI (Disciform degeneration) 

In this group of 21 eyes fibrovascular invasion 
from the choroid resulted in clinically visibl 
scars of varving size. The basal linear deposit 
remained identifiable as a hyalinized laver. folded 
into the mass, sometimes separating fibrous tissu 
of different ages (Fig. 22). The deposit also ex- 
tended for some distance bevond the scar and was 
attended by corresponding changes in the pigment 
epithelium and Bruch's membrane. Under the scat 
the choroid was generally thicker than in Group \ 
and the arteries showed more pronounced sclerosis 
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FIG. 16 Tigroid fundus of So-year-old man, Macula 
shows coarse clumps of pigment distributed around 
central hypopigmented area, Vision 6 24 


The average age of the 14 patients in this group 
was 81°9 years. Disciform degeneration was bilateral 
in seven patients while in four the second eve 
geographical atrophy which was also 
associated with new Although 
detachments of the retinal pigment epithelium 
were noted clinically during the evolution of 
disziform degeneration, only one eye subsequently 
showed such detachment on histological examina- 


showed 


vessels, serous 





tion (Fig. 23). Fibrin was demonstrated in the 
serous fluid and vessels appeared to be extending 
into the serous detachment from an adjacent 
mound of fibrovascular tissue, 

Cuticular material was occasionally observed 
in the scars, lying between rows or clusters of 
proliferating retinal pigment cells (Fig. 24). This 
material was eosinophilic, intensely positive to 
periodic acid-Schiff, and of hyaline appearance 
but stained blue with picro-Mallory, unlike the 
hvalinization of Bruch's membrane or of the basal 
linear deposit, which both showed a change in 
staining reactions to red with this method. 


SENILE CHANGES IN CHOROID 


The frequency with which the fundus presented a 
tigroid appearance rose sharply after the age of 
75 years. This picture differed from the tigroid 
fundus seen in younger patients in that the choroidal 
vessels became visible beneath the macula and 
their margins were clear-cut. ‘The senile halo 
was often pronounced (Fig. 11). 

Although a pigmentary disturbance was com- 
monly associated, the senile tigroid fundus was 
also observed in eyes in which the macula was 
otherwise normal. Histological examination con- 
firmed that the clinical prominence of the vessels 
was due to thinning of the choroid, due particu- 
larly to loss of the middle layer, so that the larger 
vessels occupied almost the full thickness of the 
choroid (Fig. 12). Degenerative changes were also 
noted in some choroidal arteries similar to those 
seen in cerebral vessels, particularly in the choroid 
plexus. The vessels were shrunken and showed 


FIG. 15 Left fundus of 84-vear-old 
man first seen four years previously 
when fundus showed only peripapillary 
choroidal sclerosis and fine pigmentary 
disturbance at the macula. He gradually 
developed area of deptgmentation nasal 
to the fovea, vision falling from 6 9 

to 6 24 during this period 
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replacement of muscle by fibrillar fibrous tissue 
(Fig. 13). The remains of occluded vessels with 
collapsed fibrous walls were also seen. The majority 
of the vessels, however, showed only fibrous 


replacement of the media with the retention of 





FIG. 20 Right fundus of 83-year-old man suffering 
from central choroidal atrophy in both eyes. The areas 
increased slowly in size over period of six years, Note 
large vein which retains normal blood column. Vision 
was counting fingers in both eyes 
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FIG. 19 Section between 
macula (at left) and disc of eve 
in Fig. 18. There ts loss of 
pigment epithelium, rod and 
cone processes, external limiting 
membrane, and outer nuclear 
laver. Outer plexiform layer 
rests directly on hyalinized 
basal linear deposit. 
Picro-Mallory. 150 


wide lumina. In normotensive patients hyaliniza- 
tion was observed only in extreme old age affecting 
the small vessels near the disc. 


Discussion 


In the elderly the macula typically shows loss ot 
the foveal reflex, fine granularity of the retinal 
pigment, increased visibility of the choroidal vessels, 
and a few discrete drusen. ‘These changes are 
considered to lie within normal limits, but in the 
present investigation 6/6 vision was recorded in 
fewer than half of the eyes showing these appear- 
ances and in none of such eyes belonging to patients 
aged 8o years and over. In most eyes this could be 
attributed to a failure of co-operation or to hazs 
media, but in others no cause was apparent. This 
decline in visual acuity with age was first noted by 
Donders (1864), and Weale (1975) calculated that 
the deterioration could be explained if the rate of 
cell fall-out found in the cerebellum was applied 
to the visual pathways. It follows that the limits 
of normal ageing are difficult to define in terms of 
fundal appearances or visual acuity. 

The natural history of senile macular degenera- 
tion is similarly difficult to predict from clinical 
observation. Some cases show a progressive distur- 
bance of retinal pigmentation, with or without 
prominent drusen, and culminate in geographical 
atrophy. During the evolution of the disease, 
however, the appearance of the choroidal vessels 
may become sufficiently abnormal to lead to the 
recognition of senile choroidal atrophy as a separate 


FIG. 21 Section through 
macula of eye in Fig. 20. Ther 
is loss of retinal pigment 
epithelium and photoreceptors 
but basal linear deposit can be 
traced across depigmented area 
The choriocapillaris 1s absent 
and dilated thin-walled vein 
occupies full thickness of 
chorotd. 


Picro-Mallory 


~J 
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entity. At other times subretinal exudation, hac- 
morrhage, and neovascularization may occur to 
alter the clinical picture and influence the prog- 
nosis. In the present clinicopathological investiga- 
tion, therefore, the changes associated with ageing 
and degeneration. of the macula were recorded 
according to the degree of histological abnormality 
occurring at the level of the retinal pigment epithe- 
lum, Bruch's membrane, and choriocapillaris. 


BRUCH'S MEMBRANI 


The age-related changes in Bruch's membrane 
comprised thickening and hvalinization, increased 
periodice acid-Schiff positivity, and basophilic 
staining. The use of the term hyalinization requires 
explanation, since it merely denotes that the 
membrane appears glassy or without structure. In 
the present discussion the term has been retained 





FIG. 23 Right eve of 
N6- vear-old man suffering 
from disciform degeneration. 
Section shores serous 
detachment of retinal 
pigment epithelium 
containing fibrovasculai 
tissue, and an adjacent 
mound of cuticular material 
and proliferating pigment 
cells. Break in Bruch's 
membrane was remote from 
the detachment. 


Picro- Mallory. 


~J 
J i 


and has been applicd when the membrane showed 
a change in staining properties from blue to red 
with the picro-Mallory method, increased periodic 
acid-Schiff positivity, and green staining with 
luxol fast blue. Picro-Mallory was one of several 
staining methods developed by Lendrum and 
others (1962) for the demonstration of fibrin, and 
Garner (1975) bas suggested that the thickening of 
the membrane is due to the accumulation of plasma 
constituents secondary to undue permeability of 
the endothelium of the choriocapillaris. Staining 
with Mallory’s PTAH, however, does not produce 
the dark blue appearance characteristic of fibrin, 
nor does the membrane subsequently develop the 
staining properties which Lendrum, Slidders, and 
Fraser (1972) found to accompany the ageing of 
fibrin. The change from blue to red staining of the 
membrane may be due to a reduction in the size 
of the intermicellar pores so that they accept only 


FIG. 24 Sechon through 
eve of 75-vear-old patient 
suffering from disciform 
degeneration, An irregular 
mass of hyaline cuticular 
material surrounded on all 
aspects by abnormal retinal 
pigment cells lies on inno 
aspect of fibrous tissue. 
Picro- Mallory. 500 


the smaller molecule of the acid fuchsin dye. This 
explanation is suggested by the electron micro- 
scopic demonstration of increasing density of the 
membrane. 


'The electron microscopic changes which develop 
in the membrane with age appear to fall into two 
main groups. The accumulation of vesicular, 
granular, and filamentous material begins in the 
inner collagenous zone at around the age of 20 
(Hogan, 1967). Residual bodies and undigested 
outer rod segments have been identified in this 
material which represents debris derived from the 
retinal pigment epithelium. On the other hand, 
after the age of 40 changes develop in the collagen 
and elastic fibres of the membrane. There 1s an 
increase of normal and intermediate collagen 
and of fibres resembling long-spacing collagen. 
Hogan, Alvarado, and Weddell (1971) also described 
long, coiled osmiophilic fibres which they sug- 
gested may be altered collagen fibrils on which 
an electron-dense substance ts deposited. The 
elastic fibres also show increasing density and 
undergo calcification. 


RETINAL PIGMENT EPITHELIUM AND BASAL LINEAR 
DEPOSIT 


The earliest light microscopic evidence of degenera- 
tion of the retinal pigment epithelium was associated 
with the development of a finely granular deposit 
beneath the cells, although hyalinization of Bruch's 
membrane was already established. This material 
was simply described as a basal linear deposit in 
order to distinguish it from drusen. The deposit 
contrasted with the hyalinized membrane by 
staining blue with picro-Mallory, being only 
moderately periodic acid-Schiff positive and re- 
maining unstained with luxol fast blue. Gass 
(1967) described this deposition as an eosinophilic 
granular material and noted that it stained blue 
with Masson's stain, suggesting a collagenous 
component to its composition. The electron micro- 
scopic findings (Figs 14, 15) show this deposit to 
lie between the basal plasma infoldings and the 
basement membrane of the retinal pigment epi- 
thelium and to consist mainly of spindle-shaped 
deposits, often embedded in a granular material. 
'These deposits contained structures with widely- 
spaced striations with a periodicity of 120 nm, 
which Hogan (1972) considers to resemble short- 
segment, long-spacing collagen such as is obtained 
by the in-vitro precipitation of tropocollagen 
(Gross, 1957). Basement membrane 1s collagenous 
in nature and may briefly be defined as tropocol- 
lagen in carbohydrate-rich mucoprotein (Ashton, 
1974). Tripathi (1974) suggested that under certain 
conditions long-spacing collagen may originate 
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from a direct polymerization of basement mem- 
brane material. 

Long-spacing collagen fibres have also been 
described in other tissues, notably in. Descemet's 
membrane (Jakus, 1962), where they appeared 
to be the result of abortive attempts to form 
normal membrane (Hogan, Wood, and Fine, 
1974), in the cortical zone of the trabecular beams 
(Garron, Feeney, Hogan, and Mckwen, 1958), 
and in association. with the basement membrane 
of the neuroepithelium of the utricular macula 
(Friedmann, Cawthorne, and Bird, 1965). Present 
indications are that these deposits which accumu- 
late in the region of the basement membrane are à 
manifestation of gradual degeneration. of the 
associated cells. 


INTERPRETATION OF AGEING AND DEGENERATION IN 
MACULAR REGION ACCORDING TO BASAL LINEAR 
DEPOSIT 


The development of the basal linear deposit 
beneath the retinal pigment epithelium appeared to 
be the most reliable histological criterion of the 
degree of degeneration of the overlying cells. The 
eyes were therefore classified according to the 
histological appearance of this deposit. Groups I 
and II broadly represented normal ageing, Groups 
HII and IV represented the development and pro- 
gress of degeneration, and Groups V and VI 
showed the subsequent end-results. 


Groups I and 11 


In Group I the deposit could not be demonstrated 
although ageing of Bruch's membrane was already 
in evidence, starting in the fifth decade as patches 
of hyalinization under the macula and adjacent to 
the disc. With advancing age hyalinization and 
thickening spread over a wider area and also ex- 
tended into the intercapillary pillars. The basal 
linear deposit first appeared in Group I] in relation 
to thickened or basophilic segments of the mem- 
brane, or over the occasional widened intercapillary 
pillar showing hyalinization extending to the level 
of the outer surface of the choriocapillaris (grade 3). 
Nearly all eyes in these two groups retained a 
normal fundus appearance, often with 6/6 vision, 
and the histological changes were considered to 
be within the limits of normal ageing. 


Groups IHI and IV 


In Group HI the basal deposit became a thin 
continuous laver and grade 3 hyalinization of 
Bruch's membrane extended for almost one disc 
diameter under the macula. These changes were 
considered to have become pathological, since 
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more than half the eyes had developed a clinical 
disturbance of pigmentation and in most vision was 
reduced. In Group IV clinical abnormality was 
well established, manifest predominantly as coarse 
pigmentary clumping. This group was charac- 
terized by thickening of the basal deposit and more 
pronounced degenerative and proliferative changes 
in the pigment epithelium. Gradual disappearance 
of the cells led to the circumscribed areas of 
depigmentation which characterized Group V. A 
number of eyes appeared to show this transition, 
since they contained only a thin layer of pigment. 
In several eyes the deposit appeared to fade as the 
pigment epithelium disappeared, but in most it 
remained as a thickened hyalinized layer. 

Neovascularization was first detected in Group 
IV, in which six of the 42 eyes (14:3 per cent) 
showed capillary membranes growing beneath the 
pigment epithelium in the macular region. These 
capillaries were found to be invading the basal 
linear deposit, and Gass (1967) also described 
capillaries coursing through this eosinophilic 
material in two cases. None of the eyes in Group 
IV showed evidence of a serous detachment of the 
pigment epithelium with which new vessels are 
commonly associated (Teeters and Bird, 19732, b). 
The present series therefore appears to confirm 
the suggestion by the same authors that blood 
vessels may grow into the subpigment epithelial 
space without previous detachment of the pigment 
epithelium. The retinal pigment epithelium is 
normally firmly anchored to the choroid by fine 
filaments of the basement membrane which ex- 
tend from its inner and outer surfaces to join the 
cell membrane and the inner collagenous zone of 
Bruch’s membrane (Hogan and others, 1971), 
and probably the basal linear deposit disturbs this 
attachment. This may allow spontaneous detach- 
ment of the pigment epithelium to occur and may 
also predispose to the ingress and spread of new 
vessels. Further, the demonstration of macro- 
phages and giant cells in relation to thinned but 
unbroken segments of Bruch’s membrane suggests 
that there may be an attempt at organization, 
since in other tissues these cells may presen’ the 
appearance of granulation tissue. 


a 


Groups V and VI 


In the later stages of macular degeneration the 
basal linear deposit becomes hyalinized and 
assumes the same staining properties as hyalinized 
Bruch’s membrane. The deposit generally remains 
after the pigment epithelium has disappeared and 
traces of the deposit could be found in the depig- 
mented area of all eyes belonging to Group V. 
Commenting on the aetiology of these areas of 
geographical atrophy, Gass (1973) observed that 


most cases followed the fading of drusen but 
noted that this appearance could also result from 
the collapse of a serous detachment of the pigment 
epithelium. The latter mechanism was also pro- 
posed by Blair (1975), who thought that ischaemic 
changes in the underlying choriocapillaris would be 
less likely to produce such a well-demarcated area 
of atrophy. However, geographical atrophy was 
clinically observed to develop gradually within an 
area of coarse pigmentary mottling in several 
eyes in the present series. The histological studies 
also suggest that these depigmented areas evolve 
through the stages outlined, and in this respect to 
be determined by the initial changes in Bruch’s 

membrane, retinal pigment epithelium, and chorio- 
capillaris. 

Neovascularization was demonstrated in' 10 of 
the 24 eyes (4177 per cent) in Group V. The 
fibrovascular invasion was more extensive than’ in 
Group IV but had not obscured the underlying 
choroid on clinical examination, unlike the thicker 
scars of disciform degeneration. The clinical 
picture is therefore determined by the extent of the 
neovascular response and different manifestations 
may occur in the two eyes. The more limited fibro- 
vascular invasion associated with geographical 
atrophy may be related to the tendency for such 
eyes to show a greater degree of atrophy of all 
layers of the choroid, although it is more likely 
that the final result is dependent upon exudation 
and haemorrhage from the initial capillary mem- 
branes. Gass (1973) believed that geographical 
atrophy did not signify a -basic difference from 
serous or haemorrhagic detachment of the retinal 
pigment epithelium and noted that disciform 
detachment sometimes occurred in the other eye. 
In the absence of neovascularization itis probable 
that geographical atrophy is the natural end-result 
and that this picture only becomes modified by an 
excessive degree of scarring. 

In disciform degeneration the basal linear deposit 
becomes incorporated into the fibrovascular scar 
and the original derivation of the material is not 
readily apparent. Thus Green and Gass (1971) 
referred to the separation of the basal linear deposit 
from Bruch’s membrane by fibrovascular tissue 
88 a splitting of Bruch's membrane. The segments 
of hyalinized basal material which become enve- 
loped by scar tissue and which no longer show 
any trace of the pigment epithelium are distinct 
from the laminated cuticular deposits found 
between rows of proliferating retinal-pigment cells. 
'The latter material is also eosinophilic and strongly 
periodic acid-Schiff positive, but is of more hyaline 
appearance and stains blue with picro-Mallory. 
Cuticular material has been described in senile 
disciform degeneration (Verhoeff and Grossman, 
1937; Frayer, 1955; Klien, 1951), fundus dystrophy 


(Ashton and Sorsby, 1951), melanosis of the retina 
(Parsons, 1904), ringschweile of the ora in long- 
standing retinal detachment (Hogan and Zimmer- 
man, 1962) and reactive proliferation of the retinal 
pigment epithelium (Tso and Albert, 1972), 
where the authors referred to it as basement 
membrane-like material. In several eyes in the 
present series the basal linear deposit resembled 
cuticular material, and the two deposits appear 
related. 


DRUSEN 


The incidence of eyes containing drusen in the 
macular region rose from 19:2 per cent in Group I 
to 52:5 per cent in Group V, due mainly to an 
increase in the granular variety. In the first three 
groups the drusen did not appear to affect vision, 
although none was located at the fovea. In Group 
IV, however, degeneration of the pigment epi- 
thelium was sometimes more pronounced over the 
larger deposits. 

Drusen are a common clinical manifestation of 
the predisciform stage, but this investigation 
failed to find any histological evidence that drusen 
predispose to neovascularization. The  drusen 
were not immediately related to the breaks in 
Bruch’s membrane and any drusen in the vicinity 
of the new vessels appeared to be only the result 
of chance. Instead the vessels ramified within the 
basal linear deposit, and the drusen may simply be 
an independent manifestation of degeneration of 
the pigment epithelium. However, this series did 
not provide any information upon the relationship 
between drusen and pigment epithelial detachments. 

In Group V drusen within the depigmented 
areas were observed clinically to become less 
prominent or to develop glistening foci of calcifi- 
cation. Gass (1973) noted that drusen in such an 
area may fade, and disappearance of some drusen 
was noted in the present series. Most, however, 
remained as calcified deposits, often partly replaced 
by avascular fibrous tissue. 


CHOROID 


'Thinning of the choroid, interpreted as senile 
choroidal atrophy, became more common with 
advancing age. Clinically this was manifest as 
the senile tigroid fundus, the incidence of which 
rises sharply after the age of 75 (Sarks, 1974). ‘This 
appearance has been termed depigmentation-in situ 
(Klien, 1958) and benign choroidal sclerosis 
(Archer, Krill, and Newell, 1971), the increased 
visibility of the choroidal vessels being attributed 
to disturbance of the overlying pigment epithelium. 
However, although degenerative changes in the 
pigment epithelium were commonly associated, 
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the present investigation confirmed that the promi- 
nent choroidal pattern resulted when the larger 
vessels occupied a greater proportion of the attenu- 
ated choroid. 
Senile choroidal atrophy was noted in all groups 
in this series and modified the clinical picture 
oly This was particularly evident in 
Group V, in which the exposed vessels sometimes 
remained pink and at other times showed sheathing 
by white lines or appeared as solid white cords. 
The white lines of sheathing were caused by the 
disproportionate thickening of the lateral walls of 
the vessels which were flattened in the thinned 
choroid. The macroscopic dissection of several 
specimens showed that the vessels retained sufh- 
cient transparency for any contained blood column 
to become visible, suggesting that vessels which 
appeared as solid white cords no longer contained 
blood. Although degenerative changes were found 
in some choroidal arteries identical to those found 
in the ageing brain, most vessels showed only 
normal ageing changes with the retention of wide 
lumina. 


Comment 


Although senile macular degeneration seems inex- 
tricably bound to the ageing process the lack of 
universality suggests it is not essential to ageing. 
However, the mechanisms proposed to explain 
normal ageing can also be applied to the degenera- 
tive changes. Hogan (1972) beheves there is a 
gradual run-down in the metabolic activity of 
the retinal pigment epithelium leading to the 
accumulation of metabolic waste in Bruch's mem- 
brane and consequent decrease in its permeability, 
The basal linear deposit subsequently develops 
over the more abnormal segments of the membrane 
and at this stage histological changes can be 
demonstrated in the retinal pigment cells. Clinical 
evidence of senile macular degeneration, however, 
does not develop until the changes become con- 
tinuous under the macula. 

Thickening of the basal linear deposit is asso- 
ciated with progressive degeneration of the pigment 
epithelium. If neovascularization does not develop, 
or if the fibrovascular response is limited, the 
natural end-result of this process is geographic 
atrophy. Since this is an uncommon manifestation 
and evolves slowly, useful vision may be retained 
for many years. Visual loss is accelerated when new 
vessels lead to complications, and treatment is 
therefore directed to their prevention or oblitera- 
tion. However, since the histological abnormalities 
may extend over several disc diameters, the 
disciform response can be multifocal and particu- 
larly endangers the fovea where the changes are 
generally most severe. 
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Prophylactic photocoagulation may come into 
increasing use but as Bird (1974) points out, there 
are as yet no means of identifying those eyes at 
high risk from those at low risk. Drusen have been 
implicated in initiating the disciform response and 
in this study these were noted more frequently at 
the stage when neovascularization occurs, but the 
drusen were not related to the new vessels and 
may represent an independent expression of the 
metabolic failure of the pigment epithelium. The 
present investigation merely indicated that the 
eyes most prone to neovascularization were those 
with a coarse pigmentary disturbance and moderate 
visual loss whether drusen were present or not, 
and that the new vessels may also develop in the 
absence of pigment epithelial detachments. 


Summary 

Clinical and pathological examination was per- 
formed on 378 eyes from 216 patients aged 43 to 
97 years. This series represented eyes in which the 
fundi were normal or showed various manifesta- 
tions of senile macular degeneration. The eyes 
were divided into six groups according to the 
histological appearance of a linear deposit at the 
base of the retinal pigment cells. Groups I and II 
were considered to represent normal ageing, 
Groups III and IV the progressive development of 
senile macular degeneration, and Groups V and 
VI the end-results. 

Group I showed no basal linear deposit. Thicken- 
ing and hyslinization of Bruch's membrane was 
noted as early as the fifth decade. Group II showed 
patchy development of the basal linear deposit in 
relation to thickened or basophilic segments of 
Bruch's membrane, or over intercapillary hyalini- 
zation extending to the level of the outer surface 
of the choriocapillaris. Almost all eyes in these 
two groups retained a normal fundus appearance 
but visual acuity declined with age even in the 
absence of other causes. In Group III the basal 
deposit formed a thin continuous layer associated 
with moderate degeneration of the retinal pigment 
epithelium. More than half the eyes had developed 
a clinical disturbance of pigmentation and in most 
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vision was reduced. Group IV was characterized 
by thickening of the deposit and more pronounced 
disturbance of the pigment epithelium. Clinically 
most eyes showed coarse pigmentary changes and 


vision was in the order of 6/24. 14:3 per cent of 


eyes in this group showed early neovascularization 
from the choroid. In Group V the pigment epi- 
thelium disappeared to produce circumscribed 
areas of depigmentation. The basal linear deposit 
could be traced throughout the depigmented area 
in most eyes. Thin fibrovascular sheets were found 
beneath the pigment epithelium in 41:7 per cent of 
eyes, Group VI represented disciform degeneration. 
The basal linear deposit could often be demon- 
strated as a disrupted hyalinized layer incorporated 
into the scar. Disciform degeneration was an 
alternative end-result to geographical atrophy. In 
each group the clinical and histological findings 
may be modified by the presence of drusen or by 
atrophy of the choroid. 

The basal linear deposit consisted of banded 
fibres embedded in granular material lying between 
the plasma infoldings and the basement membrane 
of the retinal pigment epithelium. This deposit 
seems to be a manifestation of gradual failure of 
the pigment epithelium and proved to be the most 
suitable criterion by which to study the natural 
history of senile macular degeneration. 
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Reticular dystrophy of retina 


AMRESH CHOPDAR 


From the Western Ophthalmic Hospital, Marylebone Road, London 


This rare fundus dystrophy was first described by 
Sjögren (1950) in a Swedish family. Since then 
two more families have been described from 
Holland and Argentina by Deutman and Rumke 
(1969) and Alezzandrini (1971) respectively. This 
article describes a case in an Irish family. 


Case report 


The patient, a 7-vear-old boy, was first seen at the 
Western Ophthalmic Hospital after a school medical 
examination showed he had poor visual acuity. He had 
no previous history of any systemic or ocular illnesses. 
His parents and grandparents were unrelated. 

The best corrected visual acuity was 6/12 with 

2:75 D cyl., axis 105 in the right eve and 6/9 with 

2°50 D cyl, axis So in the left eve. External slit-lamp 
examination and ocular motility were normal. The 
fundi showed a small group of fine pigment clumps at 
each macula tightly enclosed within a small, light- 
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coloured, ring-shaped area. The posterior part of the 
fundus showed extensive marking with thin pigmented 
lines forming a net-like pattern of polygons varying in 
size from half to one disc in diameter. The polygonal 
pattern was often incomplete. On slit-lamp examination 
with the contact lens it was clear that the pigment lay 
at the level of the retinal pigment epithelium. There 
was no pigment dispersion on the retinal surface except 
at the maculae. It was found that each pigmented line 
consisted of fine pigment granules of apparently uni- 
form size. ‘The junctional ends of these lines showed a 
slight increase in pigmentation. The retina beyond the 
dystrophy zone was normal. There was no evidence of 
optic atrophy or narrowing of the retinal blood vessels 
(Fig. ra, b). 

Fluorescein angiography showed marked choroidal 
background fluorescence in a typical fish-net pattern 
during the early part of the transit of the dye. The 
angiography also showed a wider area of involvement 
than was clinically apparent, extending slightly beyond 
the nasal border of the optic disc and the temporal 
vessel arcade. The dark central pigment clump at the 
macula was surrounded by a fluorescent ring corres- 


FIG. 2. (a) Fluorescein angiography 
of left fundus during arterio-venous 
phase showing black markings on 
fundus in typical fish-net pattern 
masking choroidal background 
fluorescence 
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ponding to the pale area seen clinically. This was due 
to retinal pigment epithelial atrophy, allowing an easy 
transmission of the background fluorescence. ‘There 
was no evidence of any leakage of dye at any stage of 
the angiography (Fig. 2a, b). 

The patient's sister had no ocular abnormality. ‘The 
father was myopic, one aunt suffered from myopia and 


squint, and three other aunts had refractive errors 
the nature of which was unknown. There was no evi- 
dence of consanguinity in the three generations of this 
family. 

'Two-and-a-half years later the patient's vision, 
refraction, and the fundus picture were unaltered. 


RETINAL FUNCTION TESTS 

Perimetry using a 3 mm white target did not show any 
held defect. Colour vision testing with pseudoisochro- 
matic plates was normal in both eyes, The electro- 
retinogram was normal in each eye with normal flicker 
(skin electrode), but the electro-oculogram was low 
at about 160 per cent in each eye. 


Discussion 


In this case of reticular dystrophy of the retina 
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FIG. 2 (b) Fluorescein angiography 
of right fundus during venous phase 
showing similar reticular pattern 


no other members of the family in three generations 
seemed to have been affected, although there were 
cases of squint and myopia. It is doubtful if these 
could be claimed as associated abnormalities. 
This is in contrast to the three other families 
reported, in which not only were other cases of 
reticular dystrophy found but there were also 
associated abnormalities such as spherophakia, 
intercalary staphyloma, shallow anterior chamber, 
and deaf-muteness (Sjégren, 1950). Deaf-mutism 
has been extensively studied by Holmsgren (1950) 
in the same family reported by Sjégren. 


Summary 

A case of an isolated occurrence of reticular dys- 
trophy of the retina is described. The patient had 
no affected relatives. 


I thank Mr R. J. Marsh for allowing me to study and 
publish this case, Mr Redmond J. H. Smith for his 
valuable criticism and help in preparing the manu- 
script, Mrs Ann Marie ‘Turk for the illustrations, and 
Mrs Joyce Preen for secretarial help. 
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Diagnostic features of the Favre-Goldmann syndrome 


GERALD A. FISHMAN, LEE M. JAMPOL, ann MORTON F. GOLDBERG 
From the Department of Ophthalmology, University of Illinots Eve and Ear Infirmary, 


Chicago, Illinois 


Traditional descriptions of the Favre-Goldmann 
syndrome include early onset of night blindness; 
atypical pigmentary dystrophy of the retina; 
degenerative changes of the vitreous humour 
(including both liquefaction and the presence of 
microfibrillar strands); peripheral and, less often, 
central retinoschisis; lens opacities; striking elec- 
troretinographic (ERG) abnormalities; and auto- 
somal recessive inheritance. We noted previously 
unreported diffuse leakage from retinal vessels on 
fluorescein angiography. Electroretinography 
showed cone and rod responses which we believe 
are characteristic in the earlier stages of the disease. 


Case reports 
CASE I 


A 27-year-old White woman (the proband) was 
first seen at the University of Illinois Eye and Ear 
Infirmary in December 1974 for investigation of poor 
vision in her right eye and decreased night vision for as 
long as she could remember. Neither symptom had 
worsened. The patient had no other subjective com- 
plaints. She had completely recovered from hepatitis 
two years previously, The patient was not taking any 
medications, although she had taken oral contraceptives 
in the past. Two younger brothers, aged 18 and 22 
years, were reported also to have poor night vision. A 
16-year-old sister had no ocular complaints. Parental 
consanguinity was not noted. The case of another youn- 
ger sister who also complained of poor night vision 1s 
described later. Fig. 1 illustrates this pedigree. The 
patient's two-vear-old daughter and five-month-old 
son were ophthalmoscopically normal. 

'The patient's best corrected visual acuity was 20/200 
in the right eye with —£oo sph. +125 cyl “1157, 
and 20/20 in the left eye with —1:25 sph. + roo cyl, 
x 30". External examination showed a mild blepharop- 
tosis on the left; the conjunctiva and cornea of both 
eyes were normal. The patient's right pupil was slightly 
smaller than the left; no Marcus Gunn phenomenon 
was demonstrated, and both pupils reacted normally to 
both direct and consensual light stimuli, The left iris 
had a more greenish hue than the blue right iris. Motility 
examination showed a right hyperphoria and slight 
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overaction of the right inferior oblique muscle, Oo 
slit-lamp examination the cornea and anterior chamber 
were normal. The right lens showed a r- posterior 
subcapsular lens opacity while the left lens was clear, 
The vitreous humour of both eyes was optically empty 
posteriorly, while anteriorly microfibrillar strands 
of condensed vitreous were noted. Intraocular pressures 
were normal in both eyes, Visual field testing showed a 
symmetrical constriction to within 20° of fixation with 
a 4 mm white test object in the right eye and to within 
t57 to 20° of fixation with a 2 mm white test object in 
the left eye. 

The right fundus showed extensive peripheral 
retinoschisis beginning between the equator and ora 
serrata and extending posteriorly to the superior and 
inferior temporal vessel arcades. Nasally, the schists 
did not extend more than 1 disc diameter posterior to 
the equator. Clumping of retinal pigment was seen 
predominantly in areas of retinoschisis. The schists 
and pigmentation were greater temporally than nusally. 
The optic disc appeared normal, The macula had 
minimal but definite cystoid changes. In the posterior 
pole, but not in the macula, subtle, white, thread-like 
opaque changes were noted within the retinal vessels. 
As peripheral, more highlv raised areas of schisis were 
approached these opaque changes became more evident 
in small retinal vessels and often assumed a dendritic 
appearance (Fig. 2). Similar but less extensive changes 
were noted in the patient's left eye. In addition to the 
areas of extensive schisis and opaque vascular changes a 
full-thickness retinal hole with an operculum was 
noted at rr o'clock near the equator in the left eye. 
A small vitreous traction band extended from the oper- 
culum over the ora serrata. 

A dark-adaptation study with a Goldmann-Weekers 
dark adaptometer showed monophasic curves in both 
eyes. Final cone thresholds were normal, while a rod 
component to the dark-adaptation curve was non- 
detectable. An  electro-oculogram (EOG) showed 
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subnormal light-peak to dark-trough ratios of 1:71 and 


j 
1°62 in the right and left eyes, respectively. An ERG 
showed cone responses that were normal in amplitude 
but much prolonged in implicit time in both eyes (Fig. 
3a). During a 15-minute period of dark adaptation the 
responses did not change in either implicit time or 
amplitude. A small b, (probable rod component of the 
scotopic ERG) was noted (Fig. 3b). A T-4 blue stimulus 
from a Grass photostimulator was implemented to 
isolate rod responses and showed a minimal 25 uV 
b-wave deflexion from the baseline while an I-16 red 
stimulus showed only cone (x-wave) responses in both 
eves Flicker fusion lrequency testing of both eves 
with a high-intensity stimulus showed fusion at 30 
cycles/'s. Normal fusion frequency rates are 55 cycles s 
or higher. 

A fluorescein angiogram «accentuated the opaque 
retinal vessels in the temporal periphery of the patient's 
right eye, Within areas of most advanced schisis opaque 
retinal vessels were not perfused (Fig. 4a). In less 
raised areas delayed perfusion of some remaining opaque 
vessels was seen (Fig. 4a). Vessel perfusion often appear- 





FIG, 3a Case 1. Light-adapted ERG. Both right 


upper) and left eve (lower) tracings show prolonged 
implicit times of so ms. Vertical squares represent 

100 V, horizontal squares 20 ms. Normal cone implicit 
time, from vertical line, lower left, to b-wave peak 


IS 2N PIS 





FIG, |ib ( Asi I Dark-adapte d ERG. Not anmila 
amplitudes and implicit times to those in Fio 1 


der elopme nt ol ħa roil portion of ERG si otobt 


response is only noticeable difference 


ed to end just posterior to extensive raised areas of 
schisis (Fig. 4a). Fluorescein leakage occurred from 
opaque retinal vessels at the margin of perfused and 
non-perfused retina (Fig. 45). These leaking vessels 
did not represent neovascular tissue. A late-phase 
Huorescein study of the patient’s right macula showed 
subtle but definite leakage from perifoveal capillaries 
(Fig. 5) and throughout the posterior pole. 


CASE 2 


= 


The 26-year-old sister of case 1 was seen in January 
1975 for investigation of poor night vision since early 
childhood. ‘The patient’s general health was good. Her 
best corrected visual acuity was 20/25 in the nght eve 
with + 5:75 sph. and 20/30 in the left eye with + 3:25 
sph. 4 0:25 cyl. = ro . External examination was normal. 
Versions were full in all directions of gaze. The pupils 
reacted normally to both direct and consensual light 
stimuli. Although orthotropic for near, the patient did 
have a variable 25 to 30 prism dioptre alternating 
esotropia for distance. Slit-lamp examination of the 
cornea and anterior chamber was normal in both eyes. 
There was no evidence of any iris heterochromia. The 
patient had 1 bilateral posterior subcapsular lens 
opacities and r + cells in the mid-vitreous cavity. The 
vitreous humour in both eyes appeared optically empty 
posteriorly while the anterior vitreous showed degenera- 
tive microfibrillar strands. On gonioscopy the anterior 
chamber angles were normal. Fundus examination 
revealed subtle cystoid changes. The larger retinal 
vessels appeared to be normal in both calibre and 
course. An extensive shallow retinoschisis was noted 
throughout the mid-periphery of both eyes. The schitic 
changes, which were associated with a moderate amount 
of black pigment clumping, were present both nasally 
and temporally. Opaque vessel changes were present 
throughout the mid-periphery extending anteriorly 
between the equator and ora serrata (Fig. 6). 

Visual field testing with a Goldmann perimeter 
showed relative symmetrical constriction to within 
15 of fixation in each eve. Results of a dark-adaptation 
test were similar to those in case 1 in showing only a 
monophasic recording with normal final cone thresholds. 
Colour vision. testing with the Farnsworth-Munsell 
roo-hue test showed a mild blue defect in the patient's 
nght eve and normal colour perception in the left. 
An EOG showed significantly abnormal light-peak to 
dark-trough ratios of 1:33 and ros in the right and 
left eves, respectively. (Normal values for her age from 
our laboratory would be 1°75 or greater. An ERG 
showed cone responses that were both reduced in 
amplitude and prolonged in implicit time. After a 
20-minute period of dark adaptation there was essen- 
tially no change from photopic values in either ampli- 
tudes or implicit times in either eye, reflecting an appar- 
ent absence of detectable rod activity. Rod responses 
were also non-detectable with a low-intensity I-4 blue 
sumulus. Flicker responses with a high-intensity 
stimulus were non-detectable at 30 cycles’s. 

A fluorescein angiogram of the patient's right eve 
showed retinal 
throughout the posterior pole (Fig 7). 


extensive leakage from capillaries 
Leakage was 


present in the mid-periphery in association with vessels 
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FIG. 2 Case 1, right eye. Opaque, 
dendritic appearance of peripheral 
vessels 





FIG. 6. Case 2. Opaque vessels within 
mid-pertphery of right eve 
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FIG. 4a Case 1. Fluorescein 
angiogram of temporal periphery from 
right eve showing opaque, dendritic 
retinal vessels. Non-perfused retina ts 
noted within areas of marked schists 
(larger arrows). Nete delayed filling 
of retinal vessel (smaller arrows) 


FIG. 4b Leakage of dye from opaque 
retinal vessels at margin of perfused 
and non-perfused retina, Note same 
vessel in Fig. 4a is now perfused 
(arrows) 


that ophthalmoscopically were opaque. Less leakage 
occurred in areas where retinoschisis was most evident 
clinically. Areas of early hyperfluorescence noted in 
the posterior pole and mid-periphery were associated 
with retinal pigment epithelial atrophy while spotty 
regions of hypofluorescence were caused by pigment 
clumping. In later stages of the angiographic study 
changes of cystoid oedema were noted in the right 
macula (Fig. 7). 


CASE 3 


A 56-year-old White man, who was unrelated to the 
patients in cases 1 and 2, complained of decreased 
night vision and poor peripheral vision for as long as 





he could remember. ‘The central vision in his left eve 
had also been poor since about age 20. Vision in the 
right eye had been good until about 10 years previously, 
when he began to notice a slow but progressive de- 
crease in acuity. The patient's general health was good. 
A ss-vear-old sister, unavailable for examination, also 
complained of poor might vision since childhood. 
Parental consanguinity was not noted. 

Visual acuity was 20 60 in the right eye with + 6°75 
sph. +-1°75 cyl. «180 and 5/200 in the left eve with 

6:00 sph. External and motility examinations. were 
normal. Slit-lamp examination of the cornea, iris, and 
anterior chamber of both eyes was normal. Both pupils 
reacted normally to direct and consensual light stimuli. 
Ocular pressure was 11 mmHg in each eye. There were 
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bilateral 2+ posterior subcapsular lens opacities. Thi 
vitreous humour in both eves was optically empi 
posteriorly from extensive liquefaction, while in the 


anterior vitreous Chamber there were spidernet fibrillar 
strands. Fundus examination showed a bilateral waxv- 
type atiophy of the optic discs and constricted retinal 
vessels. The foveal reflex was absent in both eve 

Within the superior and inferior temporal mid-peri- 
phery of the right eve was a highly raised. retinoschisi 
(Fig. 8). In some areas the schisis extended posterior! 

and ophthalmoscopically appeared to end just posterior 
to the arcade formed by the large superior and inferior 
temporal arterioles (I MI. 0) The schisis was progres- 
sively less raised posteriorly as it approac hed the borders 


of the superior and interior temporal vessels, All schitic 


j 
FIG. 5 Case I Late-phasi fitorescen 
angiogram from the posterior pole. 


Note leakage from pertfoveal 


(arrows) and other capillaries 


areas were associated with round black clumps of 
retinal pigment (Figs 8, 9). On slit-lamp examination 
of the posterior pole with a contact lens subtle opaque 
changes were noted within smaller retinal vessels not 
associated with areas of schisis. These opaque changes 
became more evident as the vessels approached regions 
of shallow schisis. At the posterior border of more 
raised schitic areas the opaque vessels were most 
evident and appeared dendritic Although areas of 
schisis were not noted nasal to the opti disc minimal 
opaque changes within smaller retinal vessels were als 
present in these areas. Fundus changes in the lett ey 
were essentially the same as those in the right, 

Visual field testing with 43e- III and 4€e-IV. isopters on 


the Goldmann perimeter showed an absolute symme- 


350 British Journal of Ophthalmology 





trical constriction to within 15. of fixation in each eye. 
Dark-adaption thresholds measured on the right eye 
showed a monophasic curve with a normal cone thres- 
hold. In both eyes ERG responses were non-detectable, 
while an EOG showed light-peak to dark-trough ratios 
of rro and 115 in the right and left eyes, respectively. 
On fluorescein angiography leakage from retinal capil- 
laries was evident even in areas which ophthalmoscopi- 
cally either appeared normal or showed only subtle 
opaque changes within retinal vessels. Extensive capil- 
lary leakage was noted posteriorly in areas of low schisis 
(Fig. 10). Retinal capillaries were non-perfused in areas 
where schisis was much raised in the mid-periphery. 


Discussion 


Favre (1958) reported vitreoretinal degeneration 
and the early onset of poor night vision in a 16- 
year-old boy and his 15-year-old sister. Vitreous 
changes included both liquefaction and fibrillar 
degeneration. Fundus changes included equatorial 
chorioretinal atrophy and pigment = clumping. 
Peripheral and macular retinoschisis was also 
noted. Ophthalmoscopically the schisis of the 
macula was reminiscent of microcystic oedema. 
The boy also had posterior cortical lens opacities. 
In both cases visual field testing showed annular 
scotomas, while dark-adaptation studies revealed 
monophasic curves with normal cone but absent 
rod thresholds. ‘Their 13-year-old sister was normal, 
and a paternal grandmother, although not examined 
by Favre, was reported by the family to have had 


FIG. 7 Case 2. Extensive leakage 
from retinal capillaries throughout 
posterior pole. Note leakage from 


perifoveal capillaries (arrows) 


poor night vision. Ricci (1960) found that ERG 
responses were non-detectable in Favre's two 
patients. He reported similar findings in a 41-year- 
old woman and emphasized the absence of an 
ERG Ricci suggested an autosomal 
recessive pattern of inheritance. 

In the majority of similar cases subsequently 
reported (Blanck, Polliot, and Bernard, 1973; 
Carr and Siegel, 1970; François, De Rouck, and 
Cambie, 1974; François and Van Oye, 1967; 
MacVicar and Wilbrandt, 1970; Maraini, 1967; 
Stankovic, Kecmanovic, and Drincic, 1973) ERG 
responses were non-detectable. Dark-adaptation 
findings generally included monophasic curves with 
normal cone thresholds or biphasic curves with 
much raised rod final thresholds. Recordable ERG 
responses were noted by Carr and Siegel (1970) 
in an tt-year-old boy with Favre-Goldmann 
syndrome. The photopic a- and b-waves were 
described as ‘near normal’; a scotopic increment 
was not observable. No mention was made of 


response. 


implicit time values. The same authors reported 
an additional case of a 22-year-old man who had a 
normal ERG photopic and scotopic a-wave but 
an absence of any positive b-wave response. Since 
selective absence of an ERG b-wave is charac- 
teristic of juvenile X-linked retinoschisis it was not 
clear from their description how they eliminated 
this diagnostic possibility. 

Recordable but markedly reduced a- and b-wave 
ERG responses were obtained from a single case 
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Blanck and others (1973). Implicit 
time values were not cited. In three cases reported 
by Francois and others (1974) photopic responses 
of either normal or subnormal amplitudes were 
noted. Photopic implicit times were prolonged 
in two of the three cases. Scotopic recordings 
showed either absent or much decreased b-wave 


reported by 


amplitudes. Scotopic a-waves were recordable 
but reduced in amplitude. In our two younger 
patients, on whom ERG responses were still 
recordable, photopic and scotopic amplitudes were 
essentially identical. The photopic responses 
were either normal or subnormal in amplitude 
and prolonged in implicit time. Prolonged cone 
(photopic) implicit times have also been noted 
in most genetic patterns of retinitis pigmentosa 
(Berson and Kanters, 1970). In our patients ERG 
rod responses either failed to develop or developed 
minimally after 15 minutes of dark adaptation. The 
scotopic responses in Fig. 36 are presumably 
predominantly from cone activity, thus accounting 
for the almost identical responses under both light- 
and dark-adapted conditions. Highly abnormal 
flicker fusion frequeney responses in the vresence 
of normal or slightly subnormal ERG single-flash 
photopic amplitudes were an unexpected finding 
in two of the three cases. This discrepancy between 
single-flash photopic amplitudes and flicker fusion 
frequency has not been previously emphasized 
and may be characteristic of this disease. 

Two reports of fluorescein angiographic findings 


FIG. 10 Case 3. Extensive leakage 
from retinal capillaries in posterior 

pole. Note leakage from perifoveal 

capillaries (arrows) 


in patients with Favre-Goldmann syndrome made 
no mention of either leakage from or non-perfusion 
of retinal vessels (MacVicar and Wilbrandt, 1970; 
Stankovic and others, 1973). The diffuse vascular 
leakage noted in our patients is unique among 
retinal dystrophies and has not been reported in 
association with peripheral or macular changes in 
X-linked juvenile retinoschisis. Isolated reports have 
described perifoveal capillary leakage and cystoid 
macular oedema in patients with retinitis pigmen- 
tosa (fivtche, 1972; Gass, 1970). Since cystoid 
macular oedema was present in varying degrees 
in all three of our patients we suspect that at least 
some previously reported cases of Favre-Goldmann 
syndrome with ‘macular schisis’ may have had 
microcystic oedema from leaking perifoveal capil- 
laries. 

Dendritic opaque vessels similar to those seen 
in our cases have been noted in patients with 
juvenile X-linked retinoschisis. We observed a 
correlation between the presence of schitic changes 
and the development of vessel opacity, leakage, 
and non-perfusion. No retinoschisis was present 
in the posterior pole and only subtle opaque 
vascular changes were noted on contact lens 
examination. Even these mildly opaque retinal 
vessels were, however, Incompetent, as evidenced 
by leakage of fluorescein. Moderate retinoschisis 
was present within the mid-peripheral retina in 
association with marked opaque vascular changes 
and extensive leakage of fluorescein dye. In areas 


with the most extensive schitic changes retinal 
vessels no longer appeared opaque but were non- 
perfused. A cause and effect relationship between 
non-perfusion and opaque retinal vessels and the 
development of retinoschisis cannot be supported 
with certainty by our findings. However, possibly 
those areas with extensive ischaemia of the inner 
retina are most susceptible to the development of 
schisis. An equally tenable explanation. might 
implicate the schisis as causing secondary non- 
perfusion of retinal vessels. Other forms of retino- 
schisis do not cause a similar diffuse vascular 
leakage, and therefore another sequence of events 
(vascular leakage causing perivascular fluid accu- 
mulation and thereby retinoschisis) may apply to 
the Favre-Goldmann syndrome and may be 
analogous to the pathogenesis of cystoid macular 
oedema in this syndrome. In this disorder, as 
exemplified by case 2, ultimate occlusion of pre- 
viously leaking vessels may result in a clinical 
situation characterized by maximum raising of 
schitic areas with absence of leakage (owing to 
total non-perfusion of previously involved vessels). 

A diagnosis of Favre-Goldmann syndrome 
should be considered in patients presenting with an 
early history of poor night vision, bilateral atypical 
pigmentary changes of the retina, and degenerative 
changes in the vitreous humour. Additional diag- 
nostic findings include retinoschisis, opaque retinal 
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At the Fourth. ISCERG Symposium, held in 
Hakone, Japan, in 1966 Straub (1966) reviewed 
the subject of unilateral retinitis pigmentosa and 
made a number of important observations. Up to 
then only 34 cases of unilateral retinitis pigmentosa 
had been reported. Only one of them was of uni- 
lateral disease without pigment (Jacobson and 
Stephens, 1962). Rickers and Domarus (1974) 
stated that nearly roo cases of unilateral retinitis 
pigmentosa had been described since the first 
report in 1865. They thought that the diagnosis 
could be verified in only about 20 cases. 

Straub emphasized the clinical value of electro- 
retinography (ERG) in establishing the truly uni- 
lateral nature of such cases, indicating that the 
ERG response must be normal in the unaffected 
eye. Others have long recognized that many cases 
of supposed unilateral retinitis pigmentosa were 
actually instances of highly asymmetric bilateral 
disease in which the ‘normal’ eye eventually 
showed the disorder, but only much later. Frances- 
chetti, Francois, and Babel (1963) showed that the 
ERG response in such cases was impaired in both 
eyes. This significant clinical feature distinguishes 
genuine unilateral disease from ‘pseudounilateral’ 
(that is, asymmetric bilateral) retinitis pigmentosa. 

Henkes (1964) found that the electro-oculogram 
was bilaterally disturbed in many instances of 
presumed unilateral retinitis pigmentosa but normal 
in the unaffected eye in truly unilateral cases. Thus 
measuring the resting potential of the eyes as well 
as the ERG is of value. 

If unilateral retinitis pigmentosa is uncommon, 
cases without pigmentation are even rarer. We 
report here a case of unilateral retinitis pigmentosa 
sine pigmento. 
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Address for reprints: Jerome T. Pearlman, MD, Jules Stein Eye 
Institute, UCLA School of Medicine, Los Angeles, California 
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Case report 


A 27-year-old White woman was first seen at the 
Jules Stein Eye Institute on 7 March 1974 complaining 
of seeing spots before the left eye for the past three 
weeks. She was taking oral contraceptives, but other- 
wise her past medical history was normal. There was no 
family history of consanguinity. Childhood diseases 
included measles, mumps, and chicken pox. Her serology 
was normal. She did not complain of the right eye and 
of only minimal symptoms in the left. Unaided visual 
acuity was 20/20 in each eye, and she did not wear 
spectacles. 

The findings on external examination were within 
normal limits. Slit-lamp examination showed nothing 
but a number of dot-like opacities in the anterior 
vitreous of the left (affected) eye. Initially, these dot- 
like opacities were thought to be evidence of an inflam- 
matory aetiology of this condition. Such opacities, 
however, exist in the vitreous of patients with tape- 
toretinal degeneration (Berliner, 1949). Their absence 
in the unaffected eye was interpreted as additional 
evidence of the unilaterality of this patient's disorder. 


Ophthalmoscopy 


'The fundus of each eye was examined through pupils 
dilated with 1 per cent tropicamide and 10 per cent 
viscous phenylephrine hydrochloride ophthalmic solu- 
tions (Fig. 1). The left eye showed some haziness of 
the vitreous; much attenuated retinal arterioles; and a 
subtle, patchy retinal pigment epithelial disturbance 
in the midperiphery. There was no convincing pallor 
of the left optic nerve head. The right fundus was 
normal. No pigmentary changes of salt and pepper or 
bone corpuscle type were noted. Intraocular pressure 
by applanation tonometry was 16 mmHg on each side. 
Special tests consisted of fluorescein angiography, 
Kodachrome fundus photography, colour vision tests, 
Goldmann fields, dark adaptometry, electroretino- 
graphy, and electro-oculography. 

Fluorescein angiography of the left eye showed a 
significant delay in the appearance of dye in the vascular 
tree relative to the right eye, with considerable attenu- 
ation of the retinal arterioles. Even the veins were of 
smaller calibre. Compared with the right eye, there was 
8 striking hyperfluorescence on the left side in the late 
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riG.2 Fluorescein fundus anto: 
(a) Normal right eve 25 second 


after injection of dyi 


(b) Abnormal left eve 23:58 seconds 
after injection of dye Note unusual 
degree of choroidal hype fluorescenct 
, f 1 J 

SUT? undi: darker, CONIA macula 
area, indicating diffuse abnormali 


j 


retinal pigment epithe nail fa 





both eves Wel test 


phase. No macular disturbance was noted, even on Colour vision was normal imn 


magnification. Fixation was normal (Fig. 2h). A similar with AO H-R-R and [Ishihara 
plates. No mistakes were made Goldmann field 


pst udois: chnromu«t! 


study of the right eve showed a normal transit and late 


phase (Fig. 24). the right eve were within normal limits; those of 
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FIG. 1 Fundus 
photographs 


(a) Disc and macula of 
normal right eve 


(b) Disc and macula of 
affected left eve. Note 
absence of significant 
optic nerve pallor and 
presence of much 
attenuated retinal 
arterioles 
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(c) Periphery of 
normal right eve 


(d) Periphery of 
abnormal left eve 
showing mottling in 
retinal pigment 
epithelial layer. No 
bone corpuscular 
pigment was seen 
anyechere in left fundus 





358 British Journal of Ophthalmology 





LEFT 


o 105 90 75 60 


255 — 
RIGHT 


FIG. 3. Goldmann fields of normal right eye and abnormal left eve. Note constriction of all isoptres in OS aud the absence 
of central scotoma. Largest isoptre is IV-45; next is 1-43 next is 153; and smallest 1-2 on the Goldmann perimeter 


left eye showed pronounced constriction of the peri- 
pheral field compared with the right. The I-2 isoptre 
of the left eve was reduced to about six degrees (Fig. 3). 


Dark-adaptation studies 


Dark-adaptation studies were made with the Goldmann- 
Weekers adaptometer with a one degree test object 
flickering on and off at one-second dark and light 
intervals. The test spot was located s:3 cm below the 
fixation point on the instrument, and thus projected 
11 degrees above the fovea on the subject’s retina. 
Each test was conducted in the standard manner with 
pupils dilated by tropicamide 1 per cent and phenyl- 
ephrine hydrochloride ro per cent viscous ophthalmic 
solutions. ‘The subject was exposed to pre-adapting 
illumination. of 18 lux (2800 abs) for five minutes. 
Each test lasted a total of 45 minutes. The tracings 
showed a normal cone onset for both eves and a normal 
development of the rod portion of the curve for the 
right eye. The left eye showed an abnormal rod develop- 
ment and a raised threshold, beginning at about nine 
minutes and persisting for the duration of the test. At 
the end of the examination the final rod threshold for 
the left eye was 1:3 log units higher than that of the 
night eye (Fig. 4). 


Electroretinography 

ERG studies were made in the routine manner of our 
laboratory. After dark adaptometry patients dark- 
adapted for an additional 45 minutes. Burian-Allen 
contact lens electrodes were inserted under red light 
illumination after instilling proparacaine hydrochloride 
o'Os per cent ophthalmic solution for corneal anaes- 
thesia. White light stimuli of 20 ms duration recorded 
single and multiple flash responses. Dark-adapted 


eyes placed in Maxwellian view received the flashes 
via optical fibres from a tungsten lamp, with a Hartline 
shutter and a series of neutral density filters to vary 
stimulus intensity. ‘Threshold responses were measured, 
beginning with subthreshold stimuli in single flashes. 
After about 30 seconds the next flash was presented. 
As the stimulus intensity increased the interval between 
single flashes was lengthened to about one minute to 
ensure the dark-adapted state. The intensity of the 
stimulus light was such as to generate a maximal b- 
wave; the same light was used for both eyes, which 
were always recorded simultaneously. The patient's 
tracings showed normal b-waves on the right side and 
a highly abnormal, but barely recordable b-wave 
response on the left side (Fig. 5). 


Electro-oculography 


Electro-oculography was performed with the patient 
sitting ina darkened room for 45 minutes. Skin electrodes 
were attached at the medial and lateral canthi of each eye 
and in the centre of the forehead. A baseline response 
was recorded after one hour of dark adaptation. Each 
channel of the recording instrument was calibrated at 
400 uV. The dark-adapted response was next measured 
for r2c5 minutes. With the eyes executing an excursion 
of 20 degrees at a distance of 1-82 m from fixation 
targets the amplitude of the dark response was 1000 uV 
for the right eye and 600 uV for the left. Next, the light- 
adapted response was measured for 12:5 minutes. The 
9 minutes reading was the maximum light rise. The 
normal right eye showed excursion amplitudes of 
2200 2V while the abnormal left eve showed the same 
amplitude, or no ‘light rise’ at all. Thus the Arden 
light-to-dark ratio of the normal right eye was 2-2, 
or 220 per cent, while the abnormal left eve showed a 
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FIG: 4 Dark adaptation record showing raised threshold of the left eve compared with normal threshold of right eve. 
Difference of 1:3 log units in threshold indicates 5o-fold decrease in sensitivity of left eye. Inttial cone portions 


of two curves {between 5 and 8 min) were very similar. Dots and bars indicate normal mean ( -> 


test in our laboratory 


ratio of r:o or 100 per cent (Fig. 6). The EOG has been 
performed four times during the past 18 months. Since 
different instruments and protocols were used it is 
impossible to compare precisely the several tests, 
except to confirm the constant abnormality of the left 
eye as opposed to the normal right eve. 'The right eye 
has shown no evidence of functional impairment since 
our first contact with the patient. 


Discussion 


The diagnosis of retinitis pigmentosa sine pigmento 
from purely ophthalmoscopic findings is rather 
more difficult than in the more typical case of the 


Right eye 
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FIG. § T 

simultaneously received by right eye (top) and left eve 
(bottom). Intensity used was equal for both eyes. 
Normal right eve shows small a-wave and large b-wave ; 
affected left eye shows severely impaired b-icave 


28D) values for 


disease with pigment deposition. Indeed, changes 
in the retinal pigment epithelial laver in the absence 
of pigment deposition are remarkably subtle 
and may easily escape detection. Optic pallor 
may be minimal or absent, as in this patient. 
Arteriolar attenuation was obvious in our case but 
may not be so in every case. Moreover, when 
evaluating the significance of arteriolar attenuation 
the possibility of à previous central retinal artery 
occlusion must be considered. This condition, we 
thought, could be ruled out in our case because of 
the patient's young age and the absence of anv 
history of sudden, severe loss of vision on the 
affected side. Thus monocular constriction of the 
peripheral field in the presence of ipsilateral 
nightblindness may be the first diagnostic clue. 
Next, the finding of a grossly diminished b-wave 
or non-recordable ERG response on the one side 
and a normal response on the other lends additional 


weight to the impression of retinitis pigmentosa 


sine pigmento. And, finally, a unilaterally abnormal 
EOG supports the diagnosis even more strongly. 
The amount of pigmentation in retinitis pigmen- 
tosa is variable. Pigment deposition can be sparse, 
moderate, or heavy-—depending on any number of 
factors, including the patient's age, duration. of 
the disease, and an individual proclivitv, as it 
were, to deposit intraretinal pigment. Quite 
likely the sine pigmento state is one extreme of a 
wide spectrum of pigmentary patterns found in 
that group of diseases called ‘retinitis pigmentosa’ 
and not the manifestation of a separate or distinct 
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disorder. Our patient has been followed-up since 
March 1974 and still shows normal retinal function 
on the right side, but there is no guarantee that at 
some future time she may not develop bilateral 
disease or develop pigmentation on the currently 
affected side. Nevertheless, for the present the 
patient may be reasonably classified as an example 
of unilateral retinitis pigmentosa without pigment 
because all diagnostic criteria have been met. 


Summary 
A patient presented with unilateral findings of 
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FIG. 6  Electro-oculographic 
response of both eyes after 12:5 
minutes of dark adaptation and 9 
minutes of light adaptation. 
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night blindness shown by impaired rod function 
and dark adaptation, constricted visual fields with 
good central acuity, a barely recordable electro- 
retinographic b-wave, and a unilaterally impaired 
electro-oculogram. 'l'here were none of the pig- 
mentary changes usually associated with retinitis 
pigmentosa. The unaffected right eye was normal 
in all respects. Therefore the case is most probably 
one of unilateral retinitis pigmentosa sine pigmento. 
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Ocular findings in elderly cases of homozygous 


sickle-cell disease in Jamaica 


P. I. CONDON* ann G. R. SERJEANT 


Front the MRC Laboratories ( Jamaica), University of the West Indies, Kingston, Jamaica 


Sickle-cell disease is characterized by recurrent 
vascular occlusive episodes and a progressive 
obliteration of capillary beds. This process can 
be directly observed in the eye and its occurrence 
in the peripheral retina has been well documented 
(Welch and Goldberg, 1966; Goldberg, 1971; 
Condon and Serjeant, 1972a, b, c). The effects of 
such thrombotic episodes might be expected to 
accumulate with age and to be most marked in 
elderly patients. The results of ocular examinations 
in 60 patients aged over 40 years with homozygous 
sickle-cell (SS) disease in Jamaica are presented 
below. 


Patients and methods 


The patients attended the sickle-cell clinic of the 
University Hospital of the West Indies. Ocular exami- 
nation of 56 out of 66 patients aged over 40 years 
(born before 1 January 1935) attending the clinic was 
possible. In addition, the cases of four patients (cases 
2, 31, 47, $4) aged over 40 years at the time of previous 
examinations, but who had since died, were studied. 
The overall group therefore consisted of 60 patients 
(27 men, 33 women) whose ages ranged from 40-66 
years. 

Homozygous sickle-cell disease was diagnosed on 
criteria reported elsewhere (Serjeant, 1974). Methods of 
ocular examunation have been previously described 
(Condon and Serjeant, 1972a). Retinitis proliferans and 
angiold streaks were confirmed in each case by fluores- 
cein angiography. 


Results 


The findings are summarized in Table I. Visual 
acuity was decreased in 40 eyes (25 patients) and 
was 6/60 or less in eight eyes (eight patients). The 
causes included astigmatic refractive errors in 
four patients, trauma in three, retinal detachment 
in two, macular degeneration. of unknown origin 
in seven, a toxoplasma lesion, long-standing optic 
atrophy, cataracts, and vitreous haemorrhage in 
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Waterford, Ireland 
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one each, and was unknown in five patients. 
‘Traumatic causes were more common in younger 
patients and macular degeneration more common in 
the older group. 

Tortuositv of the major retinal vessels was 
present in 18 (30 per cent) patients affecting the 
veins alone in 13 and the arteries and veins in five. 
Peripheral retinal vessel disease was classified as 
previously described (Condon and Serjeant, 19724) 
into three grades. Grade | consisted of narrowing 
of peripheral arterioles with tortuosity and abnormal 
looping of peripheral venules. Grade H included 
tortuosity, dilatation, and microaneurvsmal for- 
mation in the peripheral capillary network; coarsen- 
ing of the network with loss of some fine vessels; 
and abnormal branching of peripheral venules. 
Grade III changes were arteriolar occlusions. The 
grade of vessel disease was usually identical in both 
eves (37 patients), although differences between 
eyes of one grade (12 patients) or even two grades 
(six patients) did occur. Grade | changes were 
present in 40 eyes, grade II in 21, and grade III in 
40. The peripheral retinal vessels appeared normal 
in IS eyes. Arterio-venous fistulae occurred in 
four eyes (four patients) and was associated with 
grade lll vessel disease in all cases. Retinitis 
proliferans occurred in 12 eyes (eight patients), the 
lesions being often multiple and affecting large 
areas of the peripheral retina. In four of the eight 
patients the lesions had fibrosed, presumably after 
spontaneous vessel occlusion. 

In order to assess the effect of age on peripheral 
retinal vessel disease and retinitis proliferans the 
group was divided into those aged 45 years or 
under (29 patients) and those aged 46 years or 
over (31 patients). T'he results are summarized in 
Table II, which shows that mild grades of vessel 
disease (I and ID were more common in the 
younger groups and that the more severe grade II 
and retinitis proliferans predominated in the older 
group. Women also seemed to have more normal 
retinal vasculature and accounted for 5/7 (71 per 
cent) patients with normal vessels and 12/14 
(86 per cent) of those with grade Į vessel disease. 

Chorioretinal scars known as ‘sunburst’ spots 


ti 
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Table I Ocular findings in 60 patients aged 40 or over with homozygous sickle-cell disease. Arabic figures 
refer to number of lesions in eye. See text Jor criteria for grading retinal vessel disease 
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(L) long-standing optic 
atrophy 


Traumatic maculopathy 


‘Traumatic lesion (R) eye 


Myopic astigmatism 


Healed toxoplasma lesion 
(R) macula 


'Traumatic lesion (L) eye 


Macular degeneration 


Macular degeneration 
Macular degeneration 


degenerstion 


Macular 

?Retinal detachment (R) 

Macular degeneration 

Myopic astigmatism 

(L) perimacular fibrosis 
from vitreous 
haemorrhage 
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Table II Age distribution of peripheral retinal vessel disease and retinitis proliferans 
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Grade of vessel disease 
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*Excludes four eyes in which assessment of the peripheral retina was impossible 


occurred in 20 eyes (16 patients). Microaneurysms 
at the posterior pole were seen in 12 eyes (nine 
patients), Angioid streaks occurred in 25 eyes 
(13 patients). They were bilateral in 12 patients, in 
11 of whom they were better developed on the 
right side. They occurred in 4/29 (14 per cent) 
patients aged 45 vears and under compared to 
9/33 (27 per cent) patients over this age. In one 
case (Case 20) angioid streaks developed over a 
four-vear period of observation between ages 
39-43. In another patient (Case 57) bilateral 
macular degeneration and reduced visual acuity 
occurred concurrently with early angioid streaks 
around the disc, but fluorescein angiography 
suggested that these lesions were probably unasso- 
ciated. Clinical evidence of pseudoxanthoma elasti- 
cum was not present in any patient with angioid 
streaks. 


Discussion 


Tortuosity of the major retinal veins has been 
reported in homozygous sickle-cell disease in 
between 10-96 per cent of cases (Klinefelter, 
1942; Henry and Chapman, 1954; Smith and 
Conley, 1954; Hannon, 1956; Hook and Cooper, 
1958; Lieb, Geeraets, and Guerry, 1959; Welch 
and Goldberg, 1966). Condon and Serjeant 
(1972a) noted this finding in 8/76 (11 per cent) 
patients with SS disease in an earlier report and 
in 18/60 (30 per cent) of the present series. The 
variable prevalence of this sign may reflect real 
differences in populations or may result from the 
subjective nature of tortuosity. Interpretation of 
this finding is further complicated by lack of valid 
control data. However, the available evidence 
is associated with sickle-cell disease. Tortuosity of 
both arteries and veins may indicate an indepen- 
dently inherited genetically determined abnor- 
mality which can also coincide with sickle-cell 
disease (Condon and Serjeant, 19724). 

Although the severity of peripheral retinal 
vessel disease generally increased with age, some 
elderly patients still manifested normal vessels or 
very mild changes. Arterio-venous fistulae, which 


are presumed to precede the development of 
retinitis proliferans, occurred mainly in the youn- 
ger patients, whereas retinitis proliferans (RP) was 
almost confined to older patients of the series. The 
relatively high prevalence of RP in patients over 
the age of so (29 per cent) is of especial interest 
since this complication has been considered un- 
common in other series of patients with 55 disease 
(Henry and Chapman, 1:954; Lieb and others, 
1959; Welch and Goldberg, 1966). In an earher 
series that included Jamaican patients of all ages 
Condon and Serjeant (1972a) found this complica- 
tion in only 2/76 (3 per cent) patients, one aged 
34 and the other aged 55 (case 53 in present 
report). Since RP seems to be age-related, some 
variation in prevalence may reflect. different age 
structures of other series. [t was of interest that 
in 4/8 patients areas of retinitis proliferans had 
become spontaneously occluded and the vessels 
no longer leaked fluorescein on angiography. 
Although spontaneous obliteration of new vessels 
constitutes a progression of vascular disease in 
pathological terms, such a process would tend to 
halt the progressive nature of peripheral retinal 
ischaemia and render less likely complications such 
as vitreous haemorrhage and retinal detachment. 

'The aetiologv of pigmented chorioretinal lesions, 
or ‘sunburst’ spots, is unknown although they may 
result from retinal or choroidal infarcts. ‘This 
concept was supported by the presence of these 
lesions in 11/40 (28 per cent) eyes with grade IH 
vessel disease compared with 9/76 (12 per cent) 
with milder grades of vessel disease. 

Tortuosity and dilatation of the capillary net- 
work with microaneurysmal formation at the 
posterior pole was noted by Lieb and others 
(1959) and reported in 30/76 (40 per cent) patients 
with SS disease in Jamaica (Condon and Serjeant, 
19722). This finding appears more characteristic of 
homozvgous sickle cell disease than of other 
variants such as sickle-cell-haemoglobin C disease 
and sickle-cell-8 thalassaemia (Condon and Serjeant, 
1972b, c), and it is tempting to postulate that they 
are a retinal equivalent to the abnormal dilatations 
often seen in the conjunctival capillary bed 
(Serjeant, Condon, and Serjeant, 1972). 
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Angioid streaks are a recognized feature of 
sickle-cell retinopathy, although case reports are 
limited to a few patients. Paton (1959) and Lieb 
and others (1959) each described two cases with SS 
disease. Geeraets and Guerry (1960) reported five 
cases, three with probable SS disease and two with 
SC disease. Suerig and Siefert (1964) described a 
single case with SS disease, and Condon and 
Serjeant (1972b) reported a single case with SC 
disease. In two of these reports pseudoxanthoma 
elasticum was also present, but in the other nine 
cases the angioid streaks were attributed to sickle- 
cell disease. In view of these sparse case reports 
the finding’ of angioid streaks in 13/60 (22 per cent) 
patients in the present series is of especial interest 
and compares with an incidence of 3/150 (2 per cent) 
in younger Jamaican patients (affected cases aged 
25, 27, and 32 respectively) Angioid streaks 
increased in frequency with age in sickle-cell 
disease and they have developed in two patients 
aged 25 and 43 in the Jamaican group. 

Angioid streaks are characterized histologically 
by defects in Bruch’s membrane, and most cases 
have been associated with either pseudoxanthoma 
elasticum or osteitis deformans (Paget’s disease). 
The aetiology of angioid streaks in SS disease is 
unknown. Paton (1959) suggested that vascular 
obstructions affected the chorio-capillary circula- 
tion, whereas Geeraets and Guerry (1960) thought 
the cause could be an avascular degeneration of 
elastic tissue consequent on involvement of the 
posterior ciliary vessels. In this context it is of 
interest that three patients with evidence of posterior 
ciliary vessel obstruction developed segmented 
chorioretinal atrophies, but failed to show any 


References 


evidence of angioid streaks (Condon, Serjeant, 
and Ikeda, 1973). The clinical course of angioid 
streaks in sickle-cell disease seems more benign 
than when associated with other conditions. No 
associated haemorrhages or exudates were seen in 
the present group, and in the one case with macular 
degeneration fluorescein angiography suggested 
that the two lesions may have been coincidental. 

In summary, a distinctive pattern of ocular 
pathology emerges from the present elderly 
group. Severe grades of peripheral retinal vessel 
disease are common, and the incidence of retinitis 
proliferans and of angioid streaks is high, especially 
in those patients over 50 years of age. Some patients 
are exceptions to this general pattern and have. 
only mild retinal vascular changes despite relatively 
advanced age. These exceptions could be of great 
interest and may represent variations of homozy- 
gous sickle-cell disease in which the tendency to 
vessel obstruction is much diminished. 


Summary 

The ocular findings in 60 patients with homozygous 
sickle-cell disease over the age of 40 years have 
been described. Peripheral retinal veasel disease was 
common and appeared to increase with age. 
Retinitis proliferans was common among older 
patients in the group. Angioid streaks occurred 
in 13 (22 per cent) patients. 
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Ocular toxocariasis in adults 


E. R. RAISTRICK anp J. C. DEAN HART 


From the Department of Ophthalmology, Bristol Eve Hospital, Bristol 


The larva of the nematode Toxocara canis was 
first 1dentified as a cause of intraocular disease by 
Nichols (1956). Subsequent studies showed that it 
may produce a variety of ocular lesions, including 
localized retinal granulomata (Ashton, 1960), 
endophthalmitis (Irvine and Irvine, 1959; Duguid, 
1961a) or papillitis (Bird, Smith, and Curtin, 
1970). Nearly all the reported cases are of ocular 
lesions in children (Wilkinson and Welch, 1971), 
and the inference has been that the unhygienic 
habits of infants coming into contact with infected 
dogs, or soil contaminated with the ova of the 
nematode, is a major factor in limiting ocular 
disease to the young (Duguid, 1961b; Unsworth, 
Fox, Rosenthal, and Shelton, 1965). However, the 
proportion of the population with antibodies to 
Toxocara species increases with age. In a study of 
healthy blood donors in the age group 18-25 years 
toxocaral fluorescent antibodv tests were positive 
in 4'5 per cent and this figure rose to 7:1 per cent 
in the 30-40 age group (Woodruff, 1973). Clearly 
adult toxocaral infection also occurs. 

Clinical reports of retinal lesions in adults due 
to presumed toxocaral infection are few. Phillips 
and MacKenzie (1973) described the case of a 
25-year-old woman who presented with a history 
of recent uniocular visual deterioration and was 
found to have a right papillitis. Initial toxocaral 
fluorescent antibody tests were negative, but later 
they were positive. More recently, another case 
was reported of a 50-year-old man who developed 
moderate deterioration of vision in his right eye 
after a short febrile illness. He had a right pigment 
epithelial detachment adjacent to the macula 
and a linear opacity in the centre of the lesion 
changed its orientation over a period of days. He 
had a transient eosinophilia and toxocaral fluores- 
cent antibody tests were positive (Raistrick and 
Dean Hart, 1975). 

In this paper the ocular findings in three patients 
in the age group 20-29 years who complained of 
relatively sudden uniocular visual loss are described. 
All had posterior polar retinal lesions in the 
affected eves, and ophthalmoscopic findings closely 
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resembled those of proved toxocaral granulomata 
in children (Ashton, 1960). In all cases the toxocaral 
fluorescent antibody tests were positive. 


Case reports 
CASE 1 


A 20-year-old woman secretary with a record of 
good health complained in June 1972 of deteriorating 
vision in the left eve over a period of four weeks and 
intermittent, left-sided frontal headaches. Her corrected 
visual acuities were 6/5 right and less than 6/60 left. 
The right eye was normal on biomicroscopy and 
ophthalmoscopy, but in the fundus of the left eye there 
was a raised pigmented lesion involving the macula. 
Near to it were a few small, deep retinal haemorrhages 
and the surrounding retina appeared oedematous 
(Fig. 1a). There was a dense central scotoma of the 
left eye. X-ray examination of chest and skull showed 
no abnormalities and an ESR, a full blood count, and a 
dye test for toxoplasma were all within normal limits. 
No diagnosis was made and therefore no treatment 
instituted. Five months later the vision had improved 
spontaneously to 6/12 in the affected eve, though the 
retinal lesion appeared to be somewhat more extensive. 

In Januaty 1973 the left vision had fallen to 6/18 and 
the patient was admitted to hospital for further assess- 
ment. A general physical examination showed no posi- 
tive findings. A short trial of systemic corticosteroid 
therapy failed to ameliorate her symptoms and her 
vision continued to deteriorate. Some nine months 
later the left acuity was reduced to counting fingers 
and the lesion now appeared as a raised white opaque, 
umbilicated swelling with clearly defined edges, A 
previously noted retinal blood vessel that crossed over 
the margin of the mass and dipped into the depressed 
central area had become grossly dilated (Pig. 10). As 
the lesion on ophthalmoscopic examination closely 
resembled an illustration of toxocaral granuloma in a 
child described by Ashton (1960) we performed a 
toxocaral fluorescent antibody test. This was positive. 
On subsequent questioning the patient admitted close 
contact with a dog a few months before the onset of 
the symptoms. 

In November 1974 the retinal lesion had fattened 
somewhat and the engorged blood vessel returned to 
its original calibre (Fig. 1c). Six months later the patient's 
central vision remained grossly impaired, but the 
lesion involving the macula was much flatter. Surround- 
ing pigmentary changes were now obvious. Seven 
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months afterwards there was retinal scarring involving 


the macula with further progression of pigmentary 
disturbances at the posterior pole (Fig. 1d) 


Fluorescein angiography 


lFluoresceim. angiography soon after the patient was 
first seen showed, in the initial part of the dve transit, 
masking of the choroidal fluorescence at the site of the 
pigmented lesion with no abnormality of the overlying 
retinal vessels. In the venous and late phases there was 
progressive uptake of dye in the central area of the 
mass (Fig. 2a, b, c). Angiograms repeated in December 
1975 showed changes associated with pigment epithelial 





(b) 


MiG. 2 Case 1. Left retinal fluorescein angiogram 
sequence on presentation, (a) Early arterial phase. 

(b) Fenous phase. (c) Residual phase. Initial choroidal 
masking of region occupied by lesion and subsequent 
leakage of fluorescein dve at site of mass 


clumping ana atrophy localized to the posterior pole 
(Fig. 3a, ^) with minimal uptake or leakage of dve 


CASE 2 


A 25-year-old man, a driver, was referred in August 
1073 with a few weeks’ history of intermittent right- 
sided frontal headaches, occurring mostly in the even- 
ings, and a progressive loss of central vision in his 
right eye. There was no history of general symptoms 
and his medical history was unremarkable. His left 
visual acuity was 6/4 and the right was reduced to 
counting fingers, The left eye showed no abnormal 
features, but ophthalmoscopy of the right fundus 
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FIG. 1 Case 1. Changes in appearance of left posterior polar lesion involving the macula. (a) On presentation. 


(b) After 15 months. (c) After 27 months, (d) After 40 months 


showed gross swelling of the optic disc and a small 
pigmented lesion on its temporal side (Fig. 4). The 
superficial disc capillaries appeared engorged and 
retinal folding could be seen between the pigmented 
mass and the disc. A papillitis or tumour involving the 
optic nerve head was tentatively diagnosed and the 
patient admitted to hospital for further investigations. 
General physical and neurological examination was 
negative, as were the results of x-ray examination of 
skull and optic foramina, carotid angiograms, and air 


encephalograms. A full blood count and plasma viscosity 
estimation were within normal limits. A trial of systemic 
corticosteroids produced no improvement in symptoms. 
When seen in January 1974 the patient's visual status 
had not altered. The disc, however, appeared less 
swollen and the pigmented area temporal to the disc 
was more obvious and clearly defined. He had an eosino- 
philia of 8 per cent and a toxocaral fluorescent antibody 
test proved positive. The patient denied recent contact 
with dogs or puppies. Subsequent examinations at 
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Case 1. Left retinal fluorescein angiograms at 
40 months. (a) Early arterial phase. (b) Residual 
angiogram, Extensive retinal pigmentary disturbances 


FIG. 3 


are now an obvious feature, with minimal uptake or 
leakage of dye in residual phase 


six-monthly intervals showed a gradual decrease in disc 
swelling and progressive pigmentation of the retina 
temporally. 


Fluorescein angiography 


fluorography of the right retina in August 1973 showed 
dilatation of the prepapillary capillary plexus and 
masking of the choroid in the region of the pigmented 





Case 2. View when patient presented of right 


FIG. 4 
sevolle n elt si and mass at € o' cla k 


lesion in the early phase of the transit. [n the residual 
phase there was profuse leakage of dye from the disc 
capillaries and uptake of fluorescein in the centre of 
the pigmented lesion (Fig. sa, 6). Fluorescein studies 
in November 1975 showed that the dilated capillaries 
overlying the dise were less prominent than before, 
with reduced leakage of dye from these vessels. There 
were extensive pigmentary disturbances in the area 
around the retinal lesion described on presentation 
but no leak or uptake of dve was recorded 


" " 
UASE 3 


A 20-year-old bank clerk was seen at the Bristol 
Eve Hospital in November 1974 with a history of 
gross impairment of left central vision of nine months’ 
duration. Visual loss had been rapid. He had no other 
symptoms and his health had been good. He had 
intially attended another eye unit, where retino- 
choroiditis had been diagnosed. It was first thought 
that the retinal changes might be due to Histoplasmosis 
capsulatum infection, but a histoplasmin. test was 
negative, as was a Mantoux test. A full blood count 
showed nothing abnormal. On examination in Bristol 
his right visual acuity was 6/6 and his left was hand 
movements. A large left central scotoma was plotted. 
No abnormalities were noted in the anterior segment 
or vitreous of his left eve, but ophthalmoscopy showed 
a raised pale area involving the macula, with surrounding 
pigment changes and some small retinal haemorrhages 
around the periphery of the lesion (Fig. 6). No abnormal 
features were found in the right eve. A toxocaral fluor- 
escent antibody test was positive. The patient admitted 
Irequent contact with à dog at his parents' home 

When seen in October 1974 his visual status remained 
unaltered but the changes at the posterior pole covered 
a wider area with obvious retinal pigmentary distur- 
bances. Nine months later his visual acuity had not 





(a) 





(b) 


HG. 5 Case 2. Retinal fluorescein angiograms on 
presentation, (a) Early venous phase. (b) Residual 
angiogram. Prepapillary capillary plexus dilated. 
Massive leakage of fluorescein dye from these vessels ts 
prominent feature in residual angiogram 


improved. Although the mass appeared flatter than on 
presentation pigmentation of the retina. continued to 


progress. 


Fluorescein angiography 


Retinal fluorography on his first visit to the Bristol 
Eve Hospital showed early masking of the choroidal 
fluorescence in the left eve and a later uptake of dye in 
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uptake of dve 


Discussion 

The ophthalmoscopi appearance DE TOXOCArHI 
retinal granulomata at the posterior pole wer 
described in four children by Ashton (1960). Hi 
reported retinal lesions which were solitary, pak 


discrete, circular, and raised. Blood vessels promi 
nent on the edge ot the mass became lost from view 
in the central area in two cases, and retinal haemor- 
rhayes adjacent tO vranulomat | Were reported 1 
two further cases. The initial retinal findings n 
the adults reported in this series showed man o1 


Moreover, we 


have followed the progressive nature of the retina 


lesion in case 1 for 33 


the features mentioned by Ashton 


vears from almost the initia 


believe that al 


to a late, less active stage Wi 
three cases show manifestations, on presentation 


and later, which fit into a definite clinical patten 


not previously adi SL ribed In idults 


On entering the svstemic vascular cir latior 


the second Stage toxocaral larva 
in the blood stream until arrested in a vessel who: 
calibre permits nao further progr SS | hi Orti'amn1sTI 


a very active borer (Sprent, 1954) then passi 


through the vessel wall and takes up à position 
deep in the HUSSUCS, where it May remain altye OI 


long ume. We SUEYEST that retinal hacmorrhnave 


produced by the passage of the larva thro 


the vessel wall and sudden subsequent m 


ti thi macu 


of a foreign organism adjacent 
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could cause the initial retinal visual disturbances, 
and that as the parasite becomes less active retinal 
function may transiently improve, as in case I. 

Eventually, however, the larva dies and disin- 
tegrates, prompting an intensified tissue response 
which leads to focal disruption of the neural layers 
of the retina (Ashton, 1960) and disturbances of 
the pigment epithelium. During this active inflam- 
matory stage increased vascularity in the region 
of the mass might be expected, and the local 
vascular dilatation in cases 1 and 2 suggests that a 
similar process could have happened in these 
patients. Later, as the cellular activity becomes 
reduced, flattening of the mass occurs, the vessels 
return to their previous calibre, and disturbances 
of the pigment epithelium promoted by the earlier 
inflammatory response appear more obvious and 
widespread. 

The fluorescein studies in all cases showed initial 
masking of the choroidal phase at the site of the 
pigmented lesion due to thickening or opacification, 
or both, of the overlying retina, and the localized 
hyperfluorescence in the residual phase probably 
resulted from uptake of dye into cystic spaces or 
staining of inflammatory tissue. Later studies 
showed extensive pigmentary disturbances at the 
posterior pole with no leakage of fluorescein dye, 
corresponding to a less active phase of the disease 
process. In case 2 marked dilatation of the prepapil- 
lary capillary plexus was a prominent feature, and 
possibly the process was fairly active when the 
patient first presented. The initial ophthalmoscopy 
changes were similar to those in a case of nematode 
optic neuritis reported by Bird and others (1970). 

Unilateral ocular pain or headache was a promi- 
nent symptom in two of our patients. Severe 
retro-ocular pain was completely relieved within 
24 hours by vigorously light-coagulating the site 
presumed to be occupied by a larva in a patient 
who presented with evidence of toxocariasis 
(Raistrick and Dean Hart, 1975). Apparently 
the living organism may cause this symptom, since 
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ocular pain was also relieved after thiabendazine 
treatment in a presumed case of ocular toxocaral 
infection (Unsworth and others 1965). 

The soil of many recreational areas in and around 
towns and cities of the United Kingdom is heavily 
contaminated with the live ova of toxocara. Borg 
and Woodruff (1973) found ova of Toxocara 
species in 24°4 per cent of 800 soil samples taken 
from public places. As such open spaces are used 
for picnics and sporting activities there is ample 
opportunity for ova to enter the human body. 
Children of dog owners may no longer be assumed 
to be the only section of the community exposed to 
this hazard, nor can the absence of a history of . 
contact with animals that might harbour the para- 
site exclude the diagnosis. 

Although histological verification of toxocaral 
lesions involving the retinae of adults is lacking 
toxocara larvae were probably alone responsible 
for the lesions in our patients, and this diagnosis 
should be considered in adult patients presenting 
with similar symptoms and signs. 


Summary 
Human infection by toxocara larvae has been 
thought to be predominantly a disease of young 
children, but the percentage of the population with 
antibodies to this nematode worm has recently 
been shown to increase with age. Although a 
definite diagnosis of ocular toxocariasis can be 
made only by identifying the larva histologically, 
the evidence in three cases presenting with recent 
uniocular loss of vision strongly suggests that 
adults may also be affected. The lesions noted on 
ophthalmoscopy closely resembled toxocaral granu- 
lomata in children. 'l'oxocaral fluorescent antibody 
tests were positive in each case. 


We thank Professor A. W. Woodruff for advice and his 
staff for performing the toxocaral fluorescent antibody 
tests. We thank Mr J. Morgan for photographic aervices, 
and Mrs M. Roach for her secretarial help. 
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Synapse formation in retinoblastoma tumours 


D. HOWARD DICKSON,* MICHAEL S. RAMSEY,T anb JOHN G. 


TONUS* 


From the Departments of Anatomy,* Ophthalmology, and Pathology ,+ 


Dalhousie University, Halifax, Nova Scotia, Canada 


Although several papers have recently been 
published on the ultrastructure of retinoblastoma 
tumours (Ts'o, Fine, and Zimmerman, 1969a, 
1970; Ts'o, Fine, Zimmerman, and Vogel, 1969b; 
Choux, Tripier, Bérard, Hassoun, and ‘Toga, 
1972; Sevel, Röhm, and Sealy, 1974; Radnot, 
1975) the discovery of synapse formation in this 
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type of tumour pointed to new information on thi 
histogenesis of retinoblasts 


Materials and methods 


A portion of a retinoblastoma tumour which had been 
fixed in 10 per cent neutral buffered formalin was pre- 
pared for transmission electron microscopy. After 
postfixation in osmium tetroxide and dehydration in 
praded alcohols and propylene oxide the tissue Wits 
embedded in Durcupan, and sectioned and examined 
in a Philips 300 electron microscope 


Results 


Previous light microscopical examination of the 
globe had confirmed the presence of a retinoblas- 


FIG. 1 Light 
micrograph of 6:5 um 
plastic section of 
retinoblastoma 
fleuri tte. Some cells 
show features oj 
photo eceptoi 
differentiation which 
include elongated 
tnner segment region 
IS) that project 
hevond fenestrated 
membrane (arrows 
into lumen uf 
fleurette. 2000 
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VIG. 2 Low-power montage from trea 
electron micrographs showing photoreceptor 
cell elements in retinoblastoma fleurette. 
Developing photoreceptor cells have clearly 
differentiated, mitochondrial-filled inner 
segment regions (IS) extending bevond 
region of cell attachments (arrows). 
Attachment zone represents series of tight 
junctions between adjacent receptor cells ( se 
also Fig. 3). Cilia or sections of their basal 
bodies are often seen near apices of receptor 
cell inner segments (circle and see also inset 
to Fig. 3). Basal regions nf photoreceptor- 
like cells often contain synaptic elements 
(circle with arrow) which appear to be 
closely associated with adjacent neuronal- 
like elements (BP) (see also Fig. 4). 


7200 
toma with tumour-cell appearances ranging from The fleurettes were in the form of asymmetric 
undifferentiated neuroblastic cells to ince implete tumour-cell clusters with some of the cells forming 
rosettes and to well-formed Flexner-Wintersteiner elongated photoreceptor-like elements (Figs 1 and 
rosettes and fleurettes (Dickson, Ramsey, Tonus, 2). These cells had long apical cytoplasmic processes 


and Goldberg, 1976). joined by a fenestrated membrane which the 





electron microscope showed to be composed of a 
series of tight junctions between adjacent receptor- 
like cells (Figs 2 and 3). The distal cytoplasmic 
processes of these developing receptor-like ele- 
ments were expanded to form bulbous mitochon- 
drial-filled endings. The apices of these cells 
contained a cilium and an abundance of micro- 
tubular structures typical of the inner segment 
regions of normal human photoreceptors. In 
addition, their basal regions contained synaptic 
elements which included elongated synaptic rib- 
bons each with an arciform density and surroun- 
ded by clear synaptic vesicles measuring about 
45 nm in diameter (Figs 2, 4, and 5). These ter- 
minals appeared to be making functional invagi- 
nated synapses with adjacent neuronal-like ele- 
ments. The postsynaptic cells located near the 
basal regions of the receptor elements presented 
spherical profiles and were more electron dense 
than the presynaptic receptor elements. 

The synaptic arrangements presented here are 
identical in appearance to the photoreceptor-bipolar 
cell synapses in the normal human retina. 
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FIG. 3 Electron micrograph 
of mitochondrial-filled inner 
segment regions of tico 
developing photoreceptor 
elements from retinoblastoma 
fleurette. Mitochondria and 
microtubular structures seen 
within bulbous inner segment 
regions (1S) and apical 
tight-junctional complexes 
between adjacent cells 
(arrows). Inset: high 
resolution micrograph of basal 
body region of cilium in Fig. 
9500. Inset > 53 300 


Discussion 


The electron microscopical appearance of retino- 
blastoma fleurettes was described first by Ts'o 
and others (1969b) and was reported to represent a 
much more advanced stage of tumour cell differen- 
tiation than the Flexner-Wintersteiner rosettes 
described by Ts'o and others (1969b). Our data 
would clearly substantiate the present evidence on 
the ultrastructural characteristics of photoreceptor- 
like elements in retinoblastoma fleurettes. These 
include apical tight-junctional complexes between 
adjacent cells; apical mitochondrial-filled expanstons 
(presumably developing inner segment ellipsoids), 
and apically positioned cilia. In addition, we have 
found further evidence of the advanced state of 
differentiation of this tumour in the form of 
receptor-cell synapses with adjacent neuronal 
clements. 

The synaptic elements reported here are com- 
posed of synaptic ribbons (lamellae) and arciform 
densities within the basal region of the developing 
receptor-like cells. These ribbons were found to be 
surrounded by clear, 45 nm vesicles. Further, 
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these receptor-like cells made close invaginated 
contact with basally located cells, which we suggest 
represent tumour cell differentiation along the lines 
of bipolar neurons. ‘This whole complex appears in 
all respects to be analogous to the outer plexiform 
layer synaptic associations between normal human 
photoreceptor cells and bipolar neurons. 

Synaptic vesicles were first reported in retino- 


FIG, 4 Electron micro- 
graph of synaptic area 
indicated by circle with 
arrow in Fig. 2. Synaptic 
elements visible include 
synaptic ribbons ( SR) and 
associated synaptic vesicles. 
R —receptor cell. BP ( Fig. 
2) — postsynaptic neuronal 
element. ~ 28 500 


FIG. § High resolution 
electron micrograph of 
receptor cell terminal (R) 
with two synaptic ribbons 
(SR), one with arciform 
density (arrow) and both 
surrounded by clear, 45-nm 
synaptic vesicles. 
Invaginated synapse 
occurring with adjacent 
neuronal element (BP 

( Fig. 2)). 57 300 


blastoma Flexner-Wintersteiner rosettes by Choux 
and others (1972), but they did not identify synaptic 
ribbons associated with the vesicles. Radnót 
(1975) has identified isolated examples of synaptic 
lamellae in retinoblastoma tumour cells. She has 
not, however, reported these structures within 
developing receptor cells. 


According to Spira. and Hollenberg (1973) 


functional synapses are seen in developing human 
retinas before the formation of outer segment disc 
membranes. The presence of a synaptic apparatus 
but absence of outer segment discs from the 
developing receptor cells in the fleurettes of this 
development between normal human retinal re- 
ceptors and the receptor-like cells of retinoblas- 
toma tumours. 

Further, our study would suggest that retino- 
blastoma rosettes and fleurettes represent sequen- 
tial or progressive stages of tumour differentiation 
along photoreceptor lines. From the work of 
Choux and others (1972) and our findings (Dickson 
and others, 1976) initial synapse formation appears 
to begin at the rosette stage with a bulbous vesicle- 
filled sac near the base of the developing receptor 


References 


CHOUX, R., TRIPIER, M. F., BÉRARD, M., HASSOUN, J., and TOGA, M. (1972) 


Synapse formation in retinoblastoma tumours 376 


cell. Later, in the fleurette stage, a synaptic ribbon 
forms and invaginated postsynaptic contact is 
established with other developing neuronal ele- 


ments to form a functional synapse, 


Summary 


g retina- 
blastoma tumour fleurettes were found to contain 
apical tight junctions, mitochondrial-filled inner 
segment regions with cilia, and basally located 
synaptic ribbons and vesicles. Synaptic contact 
appeared to be established with adjacent neuronal- 
like elements. We suggest that photoreceptor 
differentiation in retinoblastoma tumours follows 
a sequence similar to normal human photoreeeptor 
embryogenesis, 
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Crvoprobe with ‘T-tip for retinal surgery 


M. G. LYALL 


From the Regional Eve Centre, Oldehurch Hospital, Romford, Essen 


A cryoprobe with a T-tip designed to facilitate 
cryotherapy in retinal surgery is described in this 
paper. 

The 'T-tip cryoprobe (Figs 1 and 2) is modelled 
on the thimble indentor of Schepens (1950). In 





T-tip t rvoproln , Conn ntional 


FIG. t and FIG, 2 
cryoprobe, and thimble indentor 


mv experience the conventional cryoprobe when 
used as an indentor in monitored eryopexy opera- 
tions may show up retinal holes and tears less well 
than the thimble indentor. Also it may be difficult 
to manoeuvre the conventional probe, so that a 
large tear is completely surrounded by treated 
areas. Furthermore, as Chignell, Revie, and Clemett 
(1971) indicate, when there is a large area to be 
treated refreezing may be carried out inadvertently 
with danger of pigment fall-out and = macular 
damage. Lastly, when a large area has to be treated 

for example, in peripheral retinal dialysis—it 


takes a long time to give the large number of 


applications necessary, The T-tip probe treats 
a larger area with each application and so reduces 


\ddress for reprints: M G. Lyall, PROS, Oldchureh Hospital 
Remonal Eye Centre, Romford, Essex 
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the number of applications needed. Time-saving 
techniques are advantageous, since operative con- 
centration and skill tend to fall off after two hours. 


Method of use 


Obviously, the T-probe indents as the thimble ndentor. 
Most tears are dealt with readily by three applications. 
The first is given so that the freeze reaches the posterior 
rounded margin of the tear, the second is given across 
the tear, and the third touching the anterior angles of 
the tear (Fig. 3). After the first application it 1s a simple 
matter to bring the probe forwards for the next freeze 
and then the third. Areas of lattice or lattice with holes 
are readily treated, since they are usually disposed in a 
circumferential fashion and one or two applications im 
any meridian are usually enough. Similarly, dialyses 
can be conveniently treated. 

Monitoring shows that the freeze appears first in one 
area of the indent and then spreads to the remainder, 
As with the conventional probe, the freeze is delayed in 
transconjunctival ervotherapy when an area of choroid 
deep to a muscle is being treated. Satisfactory pigmen- 
tation of Chignell’s Grade HI type (Chignell and others, 
1971) is produced with appropriate application. | have 
used the probe in over 20 cases, producing with it a 


Anterior 


3rd freeze 


2nd freeze 


Ist freeze 





Posterior 


FIG. 3 Freeze pattern in treatment of common 


horseshoe tear 


pigment macular fall-out in one case in which there wert 
three large horseshoe tears and macular detachment. 

The 'T-tup cryoprobe attaches to Amoils eryo unit 
It is available from IKeclers, London. A similar model 
for use with the MC 1000 cryosurgical system is available 
from IevMed, Southend-on-Sea 
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Indocyanine green fluorescence angiography of the choroid 


A. CRAANDIJIK ann C. A. VAN BEEK 
From the Eve Hospital, The Hague, The Netherlands 


The introduction of fluorescence angiography by 
Novotny and Alvis (1960) was an important 
advance in our knowledge of the circulation and 
pathology of the retina, Our knowledge of the 
choroidal circulation 1s limited to cases of disease 
of the pigment epithelium and the choriocapillaris. 
Not only is visible light unable to penetrate the 
pigment epithelium and macular pigment but also 
fluorescein in the choriocapillaris rapidly leaks, 
obliterating vessel detail. The peculiar anastomosing 
of the vessels of the choroid parallel to the optic 
axis also contributes to the relative invisibility of 
the choroid. 

Kogure, David, Yamanouchi, and Choromokos 
(1970) first demonstrated choroidal angiography 
in the Owl monkey using indocyanine green 
(ICG) with the ‘false colour’ infrared aero film. 
Drawbacks to this method are the high concen- 
tration of indocvanine green needed, the arterial 
injections, and the inconsistency of the false colour 
film. Hochheimer (1971) used black and white 
infrared film, and injected the indocyanine green 
intravenously in the cat. Flower (1972) showed that 
intravenous ICG absorption angiography could be 
performed repeatedly in man. Infrared light 
absorbed by ICG shows the filling of the large 
choroidal and retinal vessels but little filling of the 
arteries and capillartes. 

Flower and Hochheimer (1973) described a 
method of ICG fluorescence angiography in which 
the arterial and capillary dye phases could be 
seen. A year later Flower (1974) developed a camera 
which simultaneously records fluorescein, [CG 
absorption, and ICG fluorescence angiography. 
An extensive modification of the Zeiss fundus 
camera with two beam splitters, an intermediate 
relay lens, and three Nikon cameras was used in 
such a manner that the passage of the dye fronts 
could be recorded simultaneously on the three 
different films. From this it became apparent that 
the larger retinal and choroidal vessels are seen 
best on ICG absorption angiographies, whereas 
the smaller choroidal vessels are seen best on ICG 
fluorescence angiograms. 
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Our study was designed to reproduce Flowers 
results and to assess the potential clinical useful- 
ness of ICG fluorescence angiography, Since we 
intended to record only fluorescence. angiograms 
we were able to avoid the expense of extensive 
modifications of our camera. 


Method 

A Zeiss fundus camera was fitted with an exciter filter 
(interference filter with a peak at 777:5 nm) in the 
diaphragm disc in front of the flash tube (Fig. 19). The 
barrier filter (interference filter with a peak at B349 
nm) fitted in a Zeiss 30^ conus in front of the film in 
such a manner that the camera body was attached 
over the conus. The film (Kodak high speed infrared 
sensitive black and white film, HIE-135-20) was 
developed in Kodak D-19 developer at 20 C. The 
Beam flash unit was set at 600 Ws, Indocyanine green 
25 mg was diluted with aqueous solvent so that 2 m] 
of ICG could be injected. The camera was firing at 
the rate of 1 frame/o:7 s and was started & seconds 
after the intravenous injection. The passage of the dve 
front could not be seen and there were only 20 frarnes 
available on the film. 





Results 
Several sets of [CG angiograms were compared 
with fluorescein angiograms which had been 
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FIG. 1 Transmission curve of the ICG exciter and 


harrier filters 
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Indocyanine green fluorescence angiography 17 





FIG. 2 zdTugiogranis of normal fundus 
(a) Orthochromatic photograph (ortho) 

(b-t) fluorescein (7273, 9^5, 11 3, 14 9, 36 6) 
(g-k) ICG fluorescence (84, 10 2, 114, 14 4, 15 


Arrow points to choroidal vein filling 
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FIG, 3 Angiograms showing naevus of retinal 
pigment epithelium. 

(a) Ortho ; (b) panchromatic ; 

(c) pan scith red filter ; 

(d) fluorescein, 1177; and 

(e) ICG, 1178. Naevus seen best with pan with 
red filter and ICG angiograms 





[ndocyanine green fluorescence angiography INI 





FIG. 4 Anyioyrams in case of discilorm macula 
degeneration, 

(a) Ortho: (b) fluor SCUDT, 11 ty 

(c) fluorescein, 17 5; 
(d) ICG., 1276; (c) ICG, 14 7 
Vessel shunt (arrou 
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made immediately before. Our findings accorded 
with those of Orth, Patz, and Flower (1976). Since 
ICG angiograms are not easily interpreted we took 
an orthochromatic angiogram of a normal fundus 
in an 18-year-old girl together with fluorescein 
and [CG fluorescence angiograms of the same 
fundus for comparison (Fig. 2). The two main 
differences of ICG from fluorescein angiography 
are: first, ICG filling begins at the macula, and, 
secondly, the optic disc does not fluoresce. In 
the ICG angiogram at 874 (Fig. 2g) the dark line 
(arrow) 1s a choroidal vein with maximum filling 
at 14 4 (Fig. 27). The central dark spot persists 
throughout the series and corresponds with a 
pigmented spot in the fluorescein angiograms at 
14 9 (Fig. 2e). 

Fig. 3 shows a naevus of the pigment epithelium 
in a 20-year-old man. On orthochromatic film the 


FIG, : 





Angiograms in case of haemorrhagic 
dtsciform maculopathy. 

(a) Ortho ; central detachment of pigment epithelium ; 
(b) fluorescein, 1678, taken earlter ; 


(c) ICG, detachment seems larger than in (a) and (b) 


naevus is barely discernible (Fig. 3a), on panchro- 
matic film it is detectable (Fig. 34), but on the 
panchromatic film with red filter it is clearly 
delineated (Fig. 3c) (Craandijk and Aan de Kerk, 
1969). On the fluorescein angiogram the naevus 
is partly seen (Fig. 3d). The ICG angiogram clearly 
shows the naevus blocking the underlying choroidal 
fluorescence, whereas the retinal vessels are seen 
passing over the naevus (Fig. 3e). 

Fig. 4 shows disciform macular degeneration in 
à 75-year-old man. Two retinal veins are seen to 
disappear in the centre of the disciform lesion. In 
the fluorescein angiograms these veins can no 
longer be traced to the centre owing to the fluores- 
cence of the disciform lesion itself (Fig. 4b, c). 
Also note the pigmentations above the disciform 
lesion. In the ICG angiograms the retinal veins 
seem to form a shunt with a choroidal vessel 
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FIG. 6 Angtograms in case of detachment of prement 


epithelium. 

(a) Ortho ; (b) fluorescein, 15 7; 

(c) ZCG, 15°5. Detachment seems larger on th 
ICG than on fluorescein angiogram 


FIG. 7 (below) Angiograms in case of centra 
Chorioretinttis. (a) Ortho ; (b) IEG, 12 


Piomentations block underlying choroidal fluorescence 
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FIG. § Anerograms in ease of Stargardt's disease 
(a) ortho ; (b) fluorescein, 5 6; 

(c) fluorescein, 13 6; (d) ICG, 11 1; 

(e) ICG, 14 6. Dark lesions on ICG angiograms do 
not correspond ith pigmented lesions in bulls eve 
and mav imply choroidal involvement 


(Fig. 4d, e (arrow)). The pigmentations that were 
so clear in the fluorescein angiograms can be traced 
only with great difficulty in the ICG angiograms. 

Fig. 5 shows a haemorrhagic disciform maculo- 
pathy in a 32-year-old man. The orthochromatic 
photograph shows the detachment of the pigment 
epithelium (Fig. 5a). Unfortunately the fluorescein 
angiogram taken a month earlier shows the de- 
tachment of the pigment epithelium with a colla- 
rette of haemorrhages (Fig. 56). The ICG angio- 
gram (Fig. sc) shows the lesion to be larger than 
on the orthochromatic or on the earlier angiogram. 
These lesions correspond with those seen in cases 
of presumed ocular histoplasmosis. 

Fig. 6 shows a detachment of the pigment 
epithelium in a 68-year-old man. The fluorescein 
angiogram clearly shows the detachment of the 
RPE (Fig. 65), and on the ICG angiogram (Fig. 6c) 
this detachment seems to be larger. 

Fig. 7 shows central chorioretinitis in a 60-vear- 
old woman. The ortho angiogram shows a large 
pigmented lesion with choroidal vessels in the 
central atrophic area (Fig. 7a). On the ICG angio- 
gram a much larger part than is to be expected is 
devoid of choriocapillaries (Fig. 75). The pigmen- 
tations block the underlying fluorescence, whereas 
the larger choroidal vessels are seen in nearly all 
the atrophic areas. 

Fig. 8 shows a case of Stargardt's disease in a 
23-year-old man. The ortho angiogram shows the 
beaten bronze atrophy with the bull's eye in the 
centre (Fig. 8a). The fluorescein angiograms 
clearly show the bull's eye aspect (Fig. 85). The 
ICG angiograms show pigment lesions in the 
centre (Fig. 8c). These cannot be proliferated 
pigment epithelium since they would have blocked 
the fluorescence in the fluorescein angiogram. 
Though rare, the choriocapillaris or the choroid 
may be involved (Deutman, 1971). 
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Discussion 


The difference between the fluorescein and rhe 
ICG angiograms is obvious from these cases, 
and a better filling of the retinal vasculature. The 
choroidal vasculature is best demonstrated on 
ICG fluorescence angiograms, and is not limited 
to cases of diseased pigment epithelium and 
choriocapillaris, Orth, Patz, and Flower (1976) 
found differential leakage of fluorescein and ICG 
dyes in certain cases of neovascularization. We have 
limited ourselves primarily to macular lesions which 
could show differences in the Huorescein and ICG 
angiograms. Interpreting ICG angiograms takes 
far longer than fluorescein angiograms, partly 
because relatively little is known about the normal 
choroidal circulation. 

ICG angiography does not require a very expen- 
sive adaptation of the camera, it can be performed 
in a few minutes, and can be followed by fluores- 
cein angiography by changing the camera body 
and the syringe. We certainly agree with Flower 
that many more patients will need to be studied bv 
different investigators before the clinical usefulness 
of ICG fluorescence angiography is proved. 


Summary 

Indocvanine green fluorescence (ICG) angiography 
of the choroid gives better visualization of the 
choroidal vessels than does fluorescein angiography. 
We found that the detachment of the pigment 
epithelium seems bigger on ICG than on fluores- 
cein angiograms, and pigmented lesions are more 
clearly delineated. 
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Multilobed uveal melanoma masquerading as 
postoperative choroidal detachment" 


JERRY A. SHIELDS, BRIAN C. LEONARD, anb LOV K. SARIN 
From the Oncology Unit, Retina Service, Wills Eye Hospital and Research Institute, 


Philadelphia, USA 


It is well known that a choroidal detachment 
after intraocular surgery may clinically simulate a 
malignant melanoma of the uveal tract, and that 
such eyes have occasionally been enucleated 
with an erroneous diagnosis of malignant melanoma 
(Ferry, 1964; Shields and Zimmerman, 1973). The 
reverse situation, in which a malignant melanoma 
simulates a postoperative choroidal detachment, 
however, is extremely rare. 


Case report 


A 71-year-old myopic White woman was admitted 
to a local hospital because of dense cataracts in both 
eyes. Except for the lens opacities, which precluded a 
view of the fundi, her physical and ocular findings were 
reported to have been within normal limits. The patient 
underwent an uncomplicated cataract extraction in the 
left eye, followed one week later by a similar procedure 
in the right eye. At that time the left eye was noted to 
have a ‘kissing choroidal detachment’. A retinal specia- 
list agreed with the diagnosis and followed-up the 
patient conservatively for six weeks. Since the lesion 
failed to resolve the patient was referred to us for 
further evaluation to exclude the possibility of an 
intraocular tumour. 

On examination the physical findings were normal 
except for mild hypertensive cardiovascular disease 
compatible with the patient’s age. The positive findings 
were confined to the eyes. In the right eye the visual 
acuity was 6/24 with pinhole. There was surgical 
aphakia with a sector surgical coloboma superiorly. 
Ophthalmoscopy showed moderately advanced myopic 
chorioretinopathy with a clear vitreous. In the left eye 
the visual acuity was perception of light without pro- 
jection and the intraocular pressure was 10 mmHg by 
applanation compared with 19 mmHg in the right eye. 
There was no evidence of excessive episcleral pigmen- 
tation. Through the left pupil a trilobed dark-brown 


"Presented at the 1975 Verhoeff Socioty Meeting, Washington, 
DC, 14 April 1975 ; 


Supported in part by the Retina Research and Development 
Foundation, Philadelphia, and the Lions Club of Pennsylvania  ' 


: Address for reprints: Jerry. A. Shields, Oncology Unit, Retina 
Service, Wills Eye Hospital, 1601 Spring Garden Street, Philadel- 
phia, Pennsylvania 19130 


mass was seen with the domes of the three lobes almost 
touching one another centrally. The inferotemporal 
lobe was displacing the ciliary processes centrally and 
the iris forward in that quadrant. Transillumination 
with a high-intensity fibre optics transilluminator 
showed no transmission of light through any of the 
lobes. B-scan ultrasonography showed a multilobed 
solid intraocular mass with a smooth surface and 
numerous internal reflections suggestive of either a 
tumour or haemorrhagic retinal detachment. Intra- 
venous fluorescein angiography showed extensive 
leakage into the vitreous from the areas of detachment. 

No definite diagnosis could be made. From the 
initial clinical studies the diagnosis was ‘haemorrhagic 
choroidal detachment, rule out atypical malignant 
melanoma’, A transconjunctival (non-incisional) **P 
test was performed, comparing the inferotemporal 
mass with the symmetrical quadrant of the opposite 
eye. The procedure was performed with both the 
Detector Ocular Tumor Unit (EON Corporation) and 
the solid state semiconductor: (Nuclear Associates, 
Technical Associates). The calculated percentage uptake 
was as follows: 


Post injection EON unit Solid state unit 


1 hour 143 I45 
24. hours 176 179 
48 hours 205 230 


This is considered a positive test (Hagler, Jarrett, and 
Humphrey, 1970; Ruiz, 1972; Shields, Sarin, Feder- 
man, Mensheha-Manhart, and Carmichael, 1974; Shields, 
Hagler, Federman, Jarrett, and Carmichael, 19752). 

Because the lesion so closely resembled a choroidal 
detachment rather than a melanoma we thought that 
the ?*P results might represent a ‘false positive’. We 
therefore did an incisional ™P test immediately after 
the 48-hour transconjunctival test. This assured closer 
approximation of the probe to the lesion. Because it 
gave a positive result by the transconjunctival technique 
the dense inferotemporal mass was tested, the supero- 
nasal lobe in the same eye being used as a control area. 
The percentage uptakes of the lesion over the control 
were as follows: 


EON unit 
56x 


Solid state unit 


This was interpreted as an unequivocally positive test. ` 
Certain investigators have stated that a choroidal or 
subretinal haemorrhage can give a false-positive result 
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to the “P test. We therefore obtained tissue for biopsy 
from the inferotemporal mass through a trap-door 
pars plana incision. Several pieces of loose pigmented 
material were carefully removed and the wound was 
securely closed. Histological examination within 15 
minutes showed numerous spindle-B malignant mela- 
noma cells (Fig. 1). The eye was subsequently enu- 
cleated. 


Pathology 


The globe measured 26 <26> 25 mm with 2 mm of 
optic nerve attached. There was a total retinal detach- 
ment with extensive haemorrhage and exudate in the 
subretinal space on the nasal side. On the temporal 
side the choroid was replaced by a large, multinodular 
pigmented tumour which filled almost one-half of the 
globe (Fig. 2). 

Histologically the tumour consisted of predominantly 
spindle-B cells with occasional epithelioid cells (Callan- 
der classification). The biopsy site inferotemporally 
showed acute and chronic inflammatory cells super- 
ficially, but the tumour cells were confined within the 
globe. There was no evidence of extrascleral extension. 
Superiorly and nasally there was a total haemorrhagic 
and serous retinal detachment, which produced the 
dark elevations seen with the slit lamp. 


FG. 1 Biopsy specimen showing spindle-shaped cells with pigment. Diagnosis : malignant melanoma, spindle-B cell 
type. Haematoxylin and eosin. ~ 640 


Discussion 


When a dark, multilobed mass is seen through the 
pupil of an eye with low intraocular pressure after 
cataract surgery the most likely diagnosis ts a 
choroidal detachment. A serous choroidal detach- 
ment permits transillumination, whereas a dens 
haemorrhagic choroidal detachment, like a malig- 
nant melanoma, usually does not. This case had 
several features which were more suggestive ot 
a haemorrhagic choroidal detachment than of à 
malignant melanoma. 

A melanoma of the choroid or ciliary body ts 
usually a solitary mass often associated with a 
serous detachment of the sensory retina. It 
unusual for a melanoma to have a multilobed 
configuration or to produce an extensive haemorr- 
hagic retinal detachment, as in this case. [he 
haemorrhagic retinal detachment in the superior 
and nasal portions of the fundus produced dark, 
bullous masses which appeared identical clinicalls 
to the malignant melanoma in the inferotemporal 
fundus. Choroidal detachments after intraocular 
surgery are usually associated with low intraocular 


pressure. The pressure in the affected eye in this 
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Section of globe showing multilobed tumour 
arising from choroid and ciltary body on temporal 
side (left) and haemorrhagic retinal detachment on 
nasal side (right), When viewed through pupil the 
tico lobes looked identical 


FIG. 2 


case was 10 mmHg compared with 19 mmHg in 
the other eye. This relative hypotony, however, 
does not exclude the diagnosis of malignant 
melanoma. In fact, we have found that most eyes 
with ciliary body melanomas which have not 
extensively invaded the anterior chamber angle 
have lower intraocular pressures than the fellow 
eve. 

renewed 
popularity in American ophthalmology (Hagler 
and others, 1970; Ruiz, 1972; Shields and others, 
1974, 1975a; Shields, Annesley, and ‘Votino, 1975b; 
Shields, McDonald, Leonard, and Canny, 1976c; 
Shields, Carmichael, 


The “P test has recently enjoyed 


Leonard, Federman, and 
Sarin, 1976a; Shields, Carmichael, Leonard, Sarin, 
and Federman, 1976b). It may be a highly accurate 
diagnostic procedure in certain cases of atypical 
intraocular tumours (Shields and others. 1975, 
1975b; Shields and others, 1976c). We recently 
reported our results in 300 such procedures 
(Shields and others, 1976a, 1976b). With the 
transconjunctival (non-incisional) technique the 
incidence of false-positive results is less than 
I per cent and the incidence of false-negative 
results about 4 per cent (Shields and others, 
1976a). With the transcleral (incisional) technique 
there were no false-positive and an incidence of 
2 per cent false-negative results. (Shields and 


others, 1976b). We have found it the most accurate 
ancillary test for differentiating benign from malig- 
nant intraocular tumours. It was correct in predict- 
ing a malignancy in this case despite the clinical 
findings, which suggested a choroidal detachment 
rather than a melanoma. Because the transconjunc- 
tival (non-cutting) technique, which produced a 
positive result, may occasionally be misleading, we 
incised the conjunctiva for more precise localiza- 
tion, The percentage uptake of the inferotemporal 
mass over the superior mass (both of which ap- 
peared identical clinically) was 561 per cent with 
one standard counter and 448 per cent with another. 
Both of these were strongly positive, indicating 
that the inferotemporal mass was malignant. 
Although it has not been our experience, some 
investigators have stated that false-positive “P 
test results may occur with haemorrhagic retinal 
and choroidal detachments. An intraocular biopsy, 
therefore, was performed to make certain that the 
lesion was a melanoma rather than a simulating 
lesion. We have used this technique successfully 
in certain difficult cases (Shields, Green, and 
McDonald, 1973). In this case biopsy confirmed 
the results of the “P test and the eye was subse- 
quently enucleated. We do not recommend routine 
biopsy of suspected posterior uveal melanomas. In 
fact, biopsy may be contraindicated in such cases 
(Sanders, 1952; Makley, Sanders and 
Smith, 1972). With improved methods for diag- 
nosing intraocular tumours (Shields and Me- 
Donald, 1974) biopsy should rarely be necessary. 
An important aspect of this case is the diagnostic 
confusion that occurred. Perhaps the diagnostic 
difficulties could have been avoided if the patient 
had been investigated more thoroughly before the 
cataract extraction. "'ransillumination, if properly 
performed, would have shown a shadow corres- 
ponding to the tumour inferotemporallv. Pre- 
operative ultrasonography would also have detected 
the mass in this case. At present, however, this 
technique is often not readily available. As ultra- 
sound becomes more widely used probably tumours 


1967; 


will occasionally be detected in the preoperative 
evaluation of eves with dense cataracts. 

We recommend that visual acuity, transillumi- 
nation, and ultrasonography findings are carefully 
evaluated in all patients with opaque cataracts. 
When a tumour pattern is found a “P test should 
be done to confirm or rule out a malignancy. 
Although the “P test, when properly performed, is 
highly accurate in diagnosing intraocular malig- 
nancies, therapeutic should not be 
made solely on the findings. The evidence of 
ophthalmoscopy, transillumination, fluorescein an- 
siography (Gass, 1974), ultrasonography, antibody 
studies (Federman, Lewis, Clark, Egerer, and 
Sarin, 1974), and other procedures must be taken 


decisions 


into account before making a definitive therapeutic 
choice. With this approach, our diagnostic accuracy 
for intraocular tumours will continue to improve 
(Shields and McDonald, 1974). 


Summary 


A case of multilobed malignant melanoma with a 
haemorrhagic retinal detachment which mimicked 
a postoperative choroidal detachment is described. 
Because the lesion showed no resolution six weeks 
after cataract surgery a tumour evaluation was 
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undertaken. The diagnosis was established with a 
positive radioactive phosphorus uptake (P) test 
ane Biopsy of cuc de mass. A o 
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This patient was referred to the Oncology Unit. by 
Dr Narendra Krishna, Coatesville, Pennsylvania. Dr 
Merlyn Rodrigues performed the pathological exami- 
nation, and Ms 'Thea Fischer reviewed the manuscript. 
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L. Tomer and Mr Donald Morozin, and typing by 
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Retinal microscope 


G., MAXWELL STUBBS 


From Melbourne, Victoria, Australia 


Increasing awareness of retinal degeneration and its 
significance in the development of retinal detach- 
ment has resulted in much more use of indirect 
ophthalmoscopy, which allows a larger field of 
view of the fundus and some variation in magnifica- 
tion depending on the power of the condensing 
lens used. A low power condensing lens provides 
a larger image, but with conventional instruments 
this is very unstable. It is usually necessary to 
accept a smaller image which does not suddenly 
disappear with slight movements of the lens. A 
retinal microscope has been developed which 


overcomes these cdisacda antatcetes, 


Specification 

The instrument (Figs 1, 2, 3) provides a stable 
image of apparent magnification equivalent to that 
of the direct ophthalmoscope, but with a field of 
6 to 7 dise diameters and with all the advantages of 
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Diagram of frontal vier 


FIG. 3 


binocular viewing. Resolution of the image and 
stability are more than adequate for routine use in 
the consulting room or operating theatre. Further- 
more, on discarding the condensing lens an operat- 
ing microscope of 6x, comfortably worn on the 
head, is immediately available. Thus the need for 
frequent change from indirect ophthalmoscope to 
operating loupe is obviated. No adjustment is 
needed, and from my experience of two vears' use 
the magnification is not too great for the ordinary 
buckling, scleral resection, and other detachment 
procedures. An adequate depth of focus is obtained. 

This arrangement allows detailed examination of 
areas of retinal degeneration, a difficult task with 





Macula 


Approximate size of fundal image using 
20D condensing lens 


FIG. 4 


conventional indirect instruments, and the great 
advantage of mobility when used as an operating 
microscope. The lamp filament may be focused 
for the increased illumination needed for anterior 
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chamber surgery, but a more diffuse. patch of 
light is quickly obtainable by adjusting the focus, 
and this provides even illumination of the fundus 
during ophthalmoscopy. This is possible because of 
the intense light source of soW, and it eliminates the 
annoying patchy illumination. produced by cone 
ventional instruments. A 2ọD condensing lens 
gives bests results (Fig. 4). The quartz iodine lamp 
produces considerable heat, but suitable ventilation 
and insulation has been achieved. 

The instrument is particularly useful in the 
consulting room, especially when the condensing 
lens is held close to the eye. Detailed examination 
of the cornea and anterior chamber is simply done, 
and even gonioscopy is possible, with a simul- 
tancous view of the entire angle, 


Summary 


An instrument is deseribed that provides a stable 
magnified image for ophthalmoscopy and a low 
power operating microscope combined to allow 
greatly improved fundal inspection and to eliminate 
the need to change instruments during detachment 
surgery. 


I thank Mr Lorimer Fis n and OPSM Melbourne 
for their help and advice. 


The production is currently in the hands of Keeler 
Instruments Ltd. 
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Book reviews 


Anaesthesiology and Resuscitation. By H. 
BERGMANN and B. BLAUHUT. 1975. Pp. 176, 79 
figs, refs. Springer-Verlag, Berlin (no price given) 
Four subjects are discussed in this composite volume— 
anaesthesia in ophthalmology and in EN'T surgery, 
blood coagulation, and blood gas analysis, and they are 
presented in ‘workshop’ form. The articles are designed 
for postgraduate anaesthetists and the ophthalmic 
section deals with local and general anaesthesia in 
ophthalmology, the intraocular pressure, and the oculo- 
cardiac reflex. The information is up to date and rele- 
vant to ophthalmic surgery and this section should be 
read by those anacsthetists who are concerned with 
ophthalmic lists. T. j. FFYTCHE 


Basic Mechanisms of Ocular Motility and 
their Clinical Implications (Proceedings of an 
International Symposium, Wenner-Gren Centre, 
Stockholm, 4-6 June 1974). Edited by G. LENNER- 
STRAND and P. BaAcH-v-Rrra. 1975. Pp. 584, figs, 
refs. Pergamon Press, Oxford ($60) 


'This 24th volume in the series records the proceedings 
of a three-day meeting held in Stockholm in June 
1974. It was planned to encourage interaction between 
the laboratory scientists and clinical investigators, with 
the scientist first presenting his subject and the clinician 
discussing the paper and its clinical implications. 

The contributors maintain a high standard’ im their 
work which concerns the structure and ageing of 
extraocular muscles, the motor units, and the oculomotor 
control system. Next, central mechanisms are discussed 
with particular reference to the vestibulo-ocular reflex, 
cerebellar influences, and supranuclear ocular motor 
control. The high quality of the work is maintained in 
the free contributions which include several papers on 
the interaction of head and eye movements. 

It would be invidious to single out particular authors 
since nearly ali the leading laboratory researchers and 
clinicians seem to be represented. The aim of interaction 
between the two groups is not achieved in the written 
word, although much useful, unreported discussion 
occurred outside the lecture hall. Nevertheless the 
intention was right and this book is an excellent account 
of a wide range of current work into ocular motor 
problems. Clinicians who read it will be amply re- 
warded by their increased understanding of some 
aspects and in a much better position to ask the right 
questions of the scientists. We may even be able to ask 
them in the right, scientific language! This, in fact, is the 
proposed theme of the next symposium. PETER FELLS 


The Eye and its Disorders. By P. D. Trevor- 
ROPER. 1974. Pp. 726, figs, refs. Blackwell, Oxford 
(£11) 

This is a reprinting of the 1974 edition, which itself was 
a new edition of the earlier Ophthalmology : a Textbook 
for Diploma Students, first published in 1955 and subse- 
quently revised in a second edition in 1962. The fact 


that a reprinting of the third edition of this textbook 
has been found necessary testifies to its deserved popu- 
larity, which in catering for those preparing for the 
British diploma in ophthalmology meets a need for a 
clearly written and not too detailed account of the 
theoretical basis and practical aspects of ophthalmic 
medicine and s . 

The first three sections of the book comprising about 
one-third of its length deal with anatomy, physiology, 
and optics while the remaining two sections are con- 
cerned with diseases of the outer and inner eye. 

The aetiology, pathology, and differential diagnosis 
of all the important ocular disorders are considered and 
where appropriate details of both medical and, surgical 
treatment are given. 'The text is highly readable, and 
the illustrations are clear and add significantly to the 
value of the book. 

The Eye and its Disorders can be recommended to 
postgraduates beginning the study of ophthalmology as 
presenting within short compass a succinct account of 
ophthalmology in sufficient detail to meet the needs of 
the diploma student or indeed to act as a useful re- 
ference text for the interested undergraduate or general 
practitioner, 

Criticisms are slight. Economic necessity has resulted 
in grouping the colour plates together so that they no 
longer relate easily to the appropriate text as in the 
earlier editions of the book, and perhaps one or two of 
them have been included because of availability rather 
than because colour adds. significantly to their value. 
The caption to the illustration of ‘physiological cup- 
ping' in Plate 3 in which the cup to disc ratio is in the 
region of 07 is arguable, and the retinal tear in Plate 4 
is the reverse of the usual appearance where the ‘arrow’ 
points posteriorly. Inevitably where such a wide range 
of subjects is dealt with between the covers of one book 
depth has to be sacrificed, but in general the subject 
matter is dealt with in sufficient detail to fulfil its remit. 
Perhaps the section on glaucoma could be improved for 
although revised it has a slightly outmoded ambience 
carried over from earlier editions when our understand- 
ing of this group of conditions was even poorer than 
it is at present. One hopes that future editions may find 
room for recent developments in the understending of 
such conditions as disciform degeneration, ischaemic 
optic neuropathy, and central serous retinopathy. 

There is an excellent index and the quality of the 
paper and the printing is high. The book can be recom- 
mended to the postgraduate student beginning the 
study of ophthalmology both for its authority and its 
readability. W. 8. FOULDS 


Genetic and Metabolic Eye Disease. Edited 
by M. F. GOLDBERG. 1974. Pp. 654, tables, figs, 
refs. Little Brown, Boston (£20':30) 


The great advances that have been taking place in 
genetic and metabolic diseases in general have produced 
a large number of textbooks and monographs on these 
subjects. Ophthalmologists have been in the forefront 
of research into clinical genetics ever since its emergence 


as a subject in its own right at the beginning of the 
century. During the past 20 vears there have been 
relatively few books devoted to ophthalmic genetics 
and this excellent publication is, therefore, particularly 
welcome. While every chapter has much to offer the 
reader, several have been singled out for particular 
mention, either because of their clinical value or because 
they are a reflection of the reviewer's particular interests, 

Part One is devoted to ‘Methods of study in genetic 
eye disease’. It includes a chapter by George Spaeth 
on the carrier state and lists more than 60 conditions 
with ophthalmic manifestations in which the carrier 
state can often be detected by a biochemical abnor- 
mality or an abnormal clinical appearance. Since this 
chapter was written, the list could probably be con- 
siderably enlarged. Fraser discusses the aetiology of 
severe visual handicap in childhood, a subject which ts 
at last receiving the attention it deserves, It is apparent 
from his discussion of acquired and genetically-deter- 
mined causes that there ts still much we have to learn 
about this topic. In a comprehensive and extremely 
useful chapter Berman describes genetic and metabolic 
eve diseases and their biochemical diagnostic tests. To 
illustrate the recent advances that have occurred in this 
subject, only 2 per cent of the 322 references are over 
10 years old. 

Part Two is concerned with ‘Genetic determination 
of clinical eve disease’. Bron and Tripathi review the 
isolated corneal dystrophies and those associated with 
systemic and with genetically-determined disorders. 
‘There is a strong emphasis on the clinical appearance of 
the cornea in these various conditions, making this 
chapter particularly valuable to the practising ophthal- 
mologist. The macular dystrophies are ably discussed 
by Deutman who has finally laid to rest the monistic 
view of this group of disorders, Until these lesions can 
be classified biochemically, their morphological classifi- 
cation, as presented here, will be the most useful 
clinically. The complex group of heredofamilial disorders 
of the optic nerve has been ably handled by Glaser 
while the rapidlv growing topic of chromosome dele- 
tions and eye disease is discussed by Howard. 

Part Three, "Therapy and prevention of genetic eye 
disease’, consists of chapters on therapeutic principles 
by Cother, ocular pharmacogenetics by Lieberman, 
and genetic counselling by Irene Maumemee. This ts 
by far the shortest part of the book, but one which 
could hardly have been envisaged a few years ago. It is 
hoped that a section such as this written in ro years’ 
time will be very much larger. 

The editor is to be congratulated on producing such 
a valuable book covering one of the fastest growing areas 
of ophthalmology. It can be highly recommended to all 
ophthalmologists for repeated perusal, and should be 
obligatory reading for all those studying for higher 
degrees. BARRIE JAY 


More Help for Dyslexic Children. By T. R. 
Mites and E. Mites. 1975. Pp. 74, figs, refs. 
Methuen, London (£i1:20) 

Developmental dyslexia, or congenital word-blindness 
as it was then called, was first anticipated in 1896 by a 
Glasgow eye-surgeon-—Dr James Hinshelwood. Actually 
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the very first case of this kind was described by the 
father of the Emeritus Ophthalmic Surgeon to Gus's 
Hospital, Mr Gayer Morgan. Because of the nature of 
the presenting symptom, namely inability to make head 
or tail of printed or written words, it is not surprising 
that visuoperceptual errors were queried. The curly 
literature upon this subject was largely made up of 
case reports published by distinguished ophthalmolo- 
gists, mainly British, among whom the names of Nettle- 
ship, Thomas, Hubert Fisher, “Preacher Collins, 
Stephenson, and Dovne are conspicuous. Later, the 
focus of attention switched to neurologists who nowa- 
davs visualize a genetically-determined localized. form 
of delayed maturation within the learning-process. 

In some places, mostly in the United States of 
America, ophthalmologists for a time renewed their 
interest in dyslexia, some of whom postulated that a 
disorder in the eve movements during the act of read- 
ing was responsible for retardation in reading, to be 
cured by courses of eye-exercises, Fortunately, that 
particular heresy never reached this country and is on 
its Way out in America. 

Many eye specialists, however, still see these cases in 
the early stages and are intrigued thereby, for dysiexia 
cannot be diagnosed until all perceptual errors have 
been eliminated. 

To those who are interested in this topic, this simple 
book--and particularly the first two chapters--rmay be 
warmly recommended. M. CRITCHLEY 


Ophthalmic Electrodiagnosis. Dy N. R. GALLO- 
way. Vol. 1, Major Problems in Ophthalmology, 
edited by P. D. TREvor-Roper. 1975. Pp. 169, figs, 
tables, refs. Saunders, Philadelphia (no price given) 


Ophthalmologists are in a privileged position among 
clinicians because the eye is readily accessible for 
inspection and there are many reliable and sensitive 
tests of function. It is probably for this reason that 
electrical methods of investigation have not achieved the 
wide application apparent in other disciplines. The 
electrical responses of the visual system were discovered 
more than a century ago and their study has been most 
valuable in physiological research. Much basic informa- 
tion has been acquired but unfortunately many of the 
contemplated diagnostic prospects have proved disap- 
pointing because they are less sensitive than established 
techniques. On the other hand there is a special field 
in which these methods have a vital use, Many clinicians 
are unaware of the scope and even of the existence of 
some of these tests, possibly because of the lack of a 
clinically orientated description, This book is an attempt 
to fill this gap. 

The first half of the book comprises a glossary of 
basic electronic terms, the physiological bases of the 
arious retinal tests, and a brief, and perhaps irrelevant, 
note on other tenuously related investigations. 

The second half of the book is devoted to clinical 
investigations. [t is introduced by a chapter on the 
organization of an electrodiagnostic clinic. and the 
methods of recording normal response, The rest of the 
section discusses the results of such tests in various 
ocular diseases. 

This book will fulhl the needs of most ophthalmolo- 
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gists who wish to understand the place of electrodiag- 
nosis in contemporary ophthalmology. A valuable 
feature ig the list of references at the end of each chapter. 
Apart from a superficial discussion of cortical responses 
there are numerous dcliberate omissions in the appli- 
cation of retinal tests because these are not of great 
clinical value. 

Many illustrations havc bcen drawn to explain certain 
. points and in general thcy are clear and useful but Fig. 
7'1 does not make clear the enormous amplitude as well 
as time difference of the EOG and ERG. The clinical 
ERG traces may also be misleading. ‘The author uses a 
high intensity stimulus and this, together with the 
effect on the ERG waveform, is noted in the text. 
Unfortunately the reader may miss this point and find it 
difficult to equate some of the author's traces with those 
in the literature using more conventional stimuli. 

Ophthalmic electrodiagnosis is generally accepted to 
date from 1945 with Karper's monograph although 
excellent earlier studies had appeared. In the 30 years 
since then extensive studies have been published and a 
very active international society has helped the de- 
velopment of the various techniques. It is never safe to 
say that further major development will not occur but 
it would seem that the indications and applications of 
tests of retinal function are fairly clearly established. 
It is this aspect of visual electrophysiology to which the 
book is almost entirely devoted. A future edition will no 
doubt be more concerned with cortical electrical 
responses. J. H. KELSEY 


The Perception of Colour. By R. M. Evans. 
1974. Pp. 248, figs, tables, refs. Wiley, Chichester 


(49:95) 


Evans wrote a standard work on colour a quarter of a 


Notes 


Rudolph Ellender Medical Foundation 
New Orleans, 2 to 3 October 1976 


The Rudolph Ellender Medical Foundation will present 
the first annual Ophthalmocryosurgical Seminar in 
conjunction with its third annual Dermatocryosurgical 
Seminar, 


century ago, and in this posthumous publication he 
stresses the dissatisfaction he experienced in trying to 
organize basic colour-matching data in terms of stimulus 
parameters. This is why he wanted to put forward a 
design for a new system, called ‘perceptual colorimetry’. 
Classical ‘stimulus colorimetry’ is a sharp tool, perfected 
for the protection of manufacturers but it is uninforma- 
tive when it comes to communication on the subjective 
experience of colour. This is what he tried to remedy in 
this book. 

Few other works on this subject cope without some 
coloured illustrations, and none with only 13 diagrams 
and a description of the structure of the eye by the 
printed word alone. Evans nevertheless manages to 
get across his message, which is, basically, that conven- 
tional colorimetry represents an unrealistic abstraction. 
He is much concerned with simultaneous contrast and 
with surface attributes, since what matters to him is 
colour as he perceived it. We rarely see colours in the 
isolation enforced by a colorimeter, however sophisti- 
cated it may be in concept. Evans was emphatic about 
the inadequacies of standard systems, yet, true physicist 
that he was, he believed in the possibility of a standard 
observer. 

Evans takes tentative steps to deal with adaptation 
but seems wholly ignorant of the work done on this 
aspect of perception by R. W. G. Hunt and others. 
While he sees the difficulty associated with ingrained 
terminologies, he is as baffled by object colours as 
Aristotle was. However, Evans had an advantage over 
the Greek philosopher; he could (but does not seem to) 
have conversed with physiologists. He would have 
learnt that the very crystalline lens which he believed 
to image the outside world on to the retina makes 
impossible a standard study or a universally valid 
system. R. A. WEALE 
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roth Panhellenic Ophthalmological Congress 


Greece, 27 to 29 May 1977 


Topics to be discussed at the roth Panhellenic Ophthal- 
mological Congress include: heredity in ophthal- 
mology, and surgery of congenital cataract. 
Simultaneous translation in Greek and English will 
be available. For further information write to the 


Secretariat of the roth Panhellenic Ophthalmological 
Congress, c/o Hellenic Ophthalmological Society, 
National Ophthalmological Centre, 170 Avenue, Messo- 
ghion, Cholargos, Athens, Greece. 
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SMITH & NEPHEW 
IN THE SERVICE OF 
OPHTHALMOLOGY. 


omith & Nephew have produced a range of 
educational and training material which has been 
prepared specifically to help nurses and non- 
ophthalmic medical staff working in the field of 
ophthalmology. Also, a selection of films and teaching 
booklets are freely available to hospital departments 
involved in ophthalmic studies. 

Films (16mm with optical sound track) 
Lamellar Grafting 

Two Operations for Glaucoma 

Contact Lens Clinic—Johannesburg 
Removal of Cataract from Posterior Chamber 
Penetrating Keratoplasty 

Teaching Booklets 

Ocular Emergencies 

Glaucoma 

Understanding Simplene 

Understanding Your Glaucoma (for patient 
information) 

In addition, as part of the Smith & Nephew 
Sponsorship Programme professional meetings and 
symposia can be considered for financial support. 
Details of one such event are given below. 

Further information and order forms for films and 
booklets can be obtained from: 

Smith & Nephew Pharmaceuticals Limited 

P.O. Box 7, Bessemer Road, Welwyn Garden City 


Hertfordshire, England, AL8 7LU 
Telephone: Welwyn Garden 25151 | 
URN 


The Departments of Ophthalmology of the Universities of Dun 
Manchester present 
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Ophthalmic Literature is the key to virtually all published information on 
ophthalmology in both its basic and clinical aspects, and is the most comprehensive 
ophthalmic abstracting medium. Each issue consists of carefully prepared, infor- 
mative abstracts in English of relevant articles in medical and scientific journals 
throughout the world; each abstract is classified under one of forty specific 
headings with cross-references where necessary. The journal appears quarterly 
with overlapping volumes; a complete volume abstracting a year's literature 
consists of six issues plus an author and subject index issue and contains over 
6000 abstracts. The clinician desirous of keeping his knowledge up to date or 
the research worker will find the journal invaluable. 
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TRANSACTIONS 

of the 

OPHTHALMOLOGICAL SOCIETIES 
OF THE UNITED KINGDOM 


Transactions of the Ophthalmological Societies of the United 
Kingdom, published since 1880 in a single volume, is now 
published in four separate parts as follows: 


I The Annual Congress of the O.S.U.K. (held in April, published 
in the Autumn) 


II The Oxford Congress (held in July, published in the Winter) 


III The Cambridge Symposium on ‘The Eye in Connective Tissue 
Disease' held in September, published in the following Spring) 


IV Papers from the Irish, Scottish and and provincial societies, 
Reports from affiliated organizations throughout the world, 
and the Annual Index (published in the Summer) 


Volume price (4 parts): Inland £18-00; Overseas £20-00 (U.S.A. $49.00) 
Parts may be purchased separately. Price: Inland £6:00; Overseas £6.50 (U.S.A. $16.20) 


The first part of Volume 95 was published Autumn 1975 
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The Subscription Manager, 
Professional & Scientific Publications, B. M.A. House, 
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3 New Cryo Pencils 
for use with ACU12 Cryo Units 





For Lens Extraction For Retinal Work 

Cataract Pencils, Straight and Curved, are now The new Machemer-Bietti retinal cryo probe features 
available with 1mm @ tips. This 4 reduction in a rectangular plate 6 X 3mm that freezes to — 60°C. 
diameter permits better visualisation during lens over its entire surface. Where large detachment areas 
extraction. are encountered, use of this probe can avoid the 


necessity for numerous cryo applications with the 


Both new pencils reach - 40° C., and both may be dy l 
used with any existing electrically-operated Amoils standard retinal pencil. The saving in time and tedium 
can be significant 


Control Unit. The Machemer-Bietti cryo probe, which has 
temperature indications, may be used with either the 
original ACU-1 or the current ACU-1 2 Control Unit. 
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from two sides. 


Firstly, it decreases the production 
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in most cases, produce a permanent lowering 

of the resistance to aqueous outflow. 
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Editorial: Retinal venous obstruction 


Retinal vascular occlusion disease is a significant 
cause of visual loss in the United Kingdom (Sorsby, 
1966), and yet there is uncertainty concerning 
several aspects of retinal venous obstruction which 
represents a considerable proportion of this disease 
group. Three papers in this issue are concerned 
with this subject. 

The factors which precipitate venous obstruction 
have yet to be precisely defined. As recently as 1965 
Hayreh concluded, as a result of animal experi- 
ments, that central retinal arterial obstruction was 
an essential prerequisite for venous obstruction to 
produce the familiar clinical appearance of ‘central 
retinal vein occlusion’ (Hayreh, 1965); three 
years later Fujino, Curtin, and Norton (1968) 
indicated that this was not necessarily the case. 
Histopathological studies demonstrated structural 
changes in the retinal arteries supplying the seg- 
ment affected by branch retinal occlusion (Rabino- 
wicz, Litman, and Michaelson, 1968), but it has 
been shown clinically that arterial changes occur 
progressively after venous obstruction rather 
than predating the event (Kohner and Shilling, 
1976). The density of visual field loss in retinal 
branch vein obstruction has been adduced as 
evidence of coexisting retinal arterial disease 
(Birchall, Harris, Drance, and Begg, 1976), and 
vet profound atrophy of the inner retina occurs in 
monkeys after experimental occlusion of the retinal 
veins only (Hamilton, Marshall, Kohner, and 
Bowbyes, 1975). 

McLeod and Ring (page 419) report the inter- 
esting observation of infarction of retinae supplied 
by cilio-retinal arteries in 10 patients with central 
vein occlusion. While acknowledging that there 
may be several explanations for this phenomenon 
they conclude that there was probably pre-existing 
disease of the cilio-retinal supply, although there is 
little firm evidence to support this. It is equally 
possible that in some patients the cilio-retinal supply 
is more affected by raised retinal venous pressure 
than the central retinal artery supply. In central 
vein occlusion the peripheral resistance of the 
whole of the central arterial system is raised, yet 
this affects only a small part of the ciliary system. 
In patients whose cilio-retinal arteries arise from 
the posterior ciliary arteries near the globe or 
even within the choroid itself this may be particu- 
larly relevant. Blood destined for the cilio-retinal 
arteries may be shunted through the choroid and 
this may be more pronounced if there is reactive 


dilatation of the choroidal vessels in response to 
retinal ischaemia after central vein occlusion. 

There is similar uncertainty concerning the 
changes occurring at the site of obstruction, It has 
been suggested by many authors that thrombosis 
was the cause of obstruction in the retinal vascular 
outflow, However, histological studies have failed 
to show this and have indicated that the venous 
lumen was compromised by the swelling of the 
endothelial cells and of tissue in the inner venous 
walls in both branch (Seitz, 1964) and central 
retinal vein obstruction (Klien, 1953; Klien and 
Olwin, 1956); focal leakage of dye into the venous 
wall identified during fluorescein fundus angio- 
graphy is likely to be the clinical correlate of this 
histological change in branch vein occlusion 
(Clemett, 1974). In discussions concerning patho- 
genesis of venous occlusion, little attention has 
been paid to the importance of changes in con- 
stituents and physical properties of blood; the 
paper by Ring, Pearson, Sanders, and Wetherley- 
Mein (page 397) concerns this aspect. This ts 
particularly important since venous drainage is 
probably never completely obstructed in retinal 
venous occlusive disease, but continues, through a 
high resistance system of a partially. obstructed 
lumen in the principal vein or of by-pass channels. 
Under such circumstances blood viscosity would 
critically influence the importance of such obstruc- 
tion to circulatory changes. By measuring whole 
blood and plasma viscosity they have demon- 
strated higher values in patients with central 
retinal vein occlusion than in a comparison group. 
'l'his disparity was greater at low shear than at high 
shear rates, which, as the authors point out, may 
be the more relevant when considering venous 
flow. The full significance of this finding has yet 
to be appreciated, but it certainly deserves greater 
attention and further investigation. 

It is acknowledged that the visual prognosis in 
retinal venous obstruction ís variable, in that some 
patients suffer profound visual loss while others 
regain their sight completely. The uncertainty 
concerning the visual outcome poses difficult 
problems for the clinician when giving a prognosis 
to the patient. The advent of photocoagulation as a 
possible method of treatment of retinal venous 
obstruction has highlighted this defect in our 
knowledge. It has made it difficult to identify those 
patients who need treatment because of poor visual 
prognosis, and impossible to make even a rough 
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estimate of the efficacy of treatment before complet- 
ing a randomized clinical trial. Ring and others 
(1976) have also turned their attention to the rele- 
vance of blood and plasma viscosity to the evolution 
of retinal vascular changes after central retinal vein 
obstruction. They found significantly higher values 
in patients who developed large areas of retinal 
capillary non-perfusion and therefore poor visual 
prognosis when compared with those who main- 
tained good retinal capillary perfusion. Laatikainen 
and Kohner (page 411) present results of a pros- 
pective study by which the value of fluorescein 
fundus angiography has been assessed in predicting 
the visual prognosis of central retinal vein occlusion. 
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enthusiasm for photocoagulation highlights the 
importance of these findings which may be para- 
mount when assessing the need for treatment and 
in the design of treatment trials. 
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Viscosity and retinal vein thrombosis 


C. P. RING,* T. C. PEARSON,t M. D. SANDERS, anb G. WETHERLEY-MEIN 
From the Departments of Ophthalmology and Haematology, St Thomas's Hospital and Medical School, London 


Retinal vein occlusions (RVO) have been well 
documented since Leber (1877) and Michel 
(1878) first described branch and central retinal vein 
occlusions respectively. However, no further pro- 
gress was made until Novotny and Alvis (1961) 
introduced fluorescein angiography, which demon- 
strated the phenomenon of capillary non-perfusion, 
found in some cases of RVO, and gave investigators 
a useful tool for trying to determine the patho- 
physiology of the condition. A direct role for 
arterial occlusion in producing the clinical features 
of RVO has been discounted (Kohner and Shilling, 
1976), but arterial disease 1s generally agreed to 
have a significant role in the aetiology. Although a 
much debated point, a complete thrombotic 
occlusion of the vein is generally thought not to 
occur. The pathological process at the site of the 
occlusion consists of changes in the vessel walls, 
blood constituents, and blood flow. These three 
components of Virchow’s triad are interrelated, 
and changes in the vessel wall and blood flow 
have been investigated in man and animals by 
techniques of pathology (Rabinowicz, Litman, and 
Michaelson, 1968) and by angiography (Kohner, 
Dollery, Shakib, Henkind, Paterson, de Oliveira, 
and Bulpitt, 1970; Fujino, Curtin, and Norton, 
1968). The importance of the effect of the blood 
constituents on the blood viscosity has received 
little attention, although Begg (1969) suggested 
this as a useful area of investigation. 

Viscosity may be defined as the friction between 
two moving planes of fluid. Mathematically it may 
be defined as the ratio of the applied force (shear 
stress) to the differential velocity of the two planes 
(shear rate). For simple fluids the rate of flow is 
directly proportional to the applied force (New- 
tonian behaviour). Blood, however, does not show 
this simple relationship and is termed non- 
Newtonian. Therefore when measuring whole- 
blood viscosity, as in the present study, a wide 
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range of shear rates must be used in order to 
include all those which might be met in a normal or 
pathological circulation, Cone-plate and coaxial 
cylindrical viscometers have been widely used in 
this and other studies of whole-blood viscosity 
because the shear rate can be accurately monitored. 
The viscosity of plasma, which may be considered 
to behave in a Newtonian fashion (Dintenfass, 
1971), may for this reason be accurately measured 
in a capillary viscometer in which the shear rates 
are inconstant, and this technique has also been 
used in the present investigation. Yield stress of a 
material under shear is the applied force necessary 
to overcome frictional forces between the sliding 
planes and so induce movement (Whitmore 1968). 
Blood has been shown to exhibit this rheological 
property (Merrill, Margetts, Cokelet, and Gilliland, 
1963) and therefore the role of yield stress was also 
investigated. 

Increased blood viscosity is associated with 
various pathological conditions in which vascular 
thrombosis or occlusion is a feature. Suggested 
associations are postoperative deep vein thrombosis 
(Dormandy and Edelman, 1973), recent cerebral 
infarction (Ott, Lechner, and Aranibar, 1974), acute 
myocardial infarction (Burch and De Pasquale, 
1963), hypertension (Tibblin, Bergentz, Byure, and 
Wilhelmsen, 1965), angina (Dormandy, 1975), and 
diabetes (Ditzel, 1967). The role of blood viscosity 
in retinal vein occlusion seems to have received 
little attention apart from the restricted studies of 
McGrath, Penny, Wechsler, and Hunyor (1973). 
The present study was designed to examine the 
role of viscosity and blood How in the aetiology of 
retinal vein occlusion and the development of 
capillary non-perfusion. 


Patients and methods 


Forty-four unselected patients with retinal vein occlu- 
sions (Table I) attending the eye department, Sf 
Thomas’s Hospital, were investigated. The group 
consisted of 25 men and 1g women with a mean age of 
61-6 years (range 40-76). Twenty-three of the patients 
were investigated within the first week of presentation 
and 15 within a further four weeks. In six cases, however, 
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Table I Summary of the 44 patients with retinal 
vein occlusion investigated 





Central retinal 
Patients vein Branch vein 
` (n==20) (1—24) 
Women 9 l 10 
Men 11 I4 
Mean age (years) 62:5 60:7 





the patient was unaware of symptoms and the diagnosis 
was made on ophthalmoscopy. 

‘The group was compared with a group of 30 controls 
consisting of 18 men and r2 women with a mean age 
of 57:9 years (range 45~75) taken from hospital personnel 
and ophthalmic patients who had neither inflammatory 
nor vascular conditions of the eye. Possible controls 
with any history or evidence of hypertensive, cardio- 
vascular, or respiratory disease were rejected. A younger 
control group of 30 hospital personnel (mean age 
30°7 years; range 20-44) was also examined but the 
results were not used for statistical comparison with 
the RVO group for reasons discussed later. 


COLLECTION AND PREPARATION OF BLOOD 


Blood samples were taken without venous occlusion 
during sampling and at the same time of day (1400 
-+x hour) from both the controls and the patients, who 
were ambulatory immediately before venesection. 'l'he 
samples were subdivided for estimation of whole 
blood and plasma viscosity, fibrinogen, haematological 
examination, and biochemical analysis. 


VISCOSITY MEASUREMENTS 


‘These were carried out within seven hours of collection 
on lithium heparinized blood (20 U/ml) which was 
mixed -continuously at room temperature during the 
interval before measurement. Whole-blood viscosity 
was measured at four shear rates. A Wells Brookfield 
cone-plate micro-viscometer (Model LVT) was used 
to measure viscosity at a shear rate of 230 inverse 
seconds (s^. A Contraves Low Shear 2 co-axial 
cylindrical type viscometer was used for measurements 
at shear rates of 23, 2'62, and 0:77 s^. Plasma viscosity 


tare tt way ak iind 


was measured with a Harkness Mk 2 capillary visco- 
meter. All measurements were made at 37°C against a 
standard control (Brookfield viscosity | standard). 
Estimations were all duplicated and the mean value 
taken. 

Yield stress values were obtained by conptructing a 
Casson plot (Casson, 1959) of the square root of the 
shear stress against the square root of the shear rate. 
Using shear stress values calculated at shear rates of 
2:62 s~% and 0777 s^! a line was extrapolated which gave 
the yield stress where the Y axis was intercepted. Merrill 
and others (1965) suggested that a straight linear 
relationship did not hold for values of shear rate less 
than 1 8^!, but thought that this was probably owing to 
difficulty in interpreting viscosity results at in shear 
rates. We found, in separate experiments, that with the 
Contraves LS2 viscometer, which has a rapid response 
time, the relationship was linear to values|of shear 
rate less than 1 s^* (down to 0:488 s71). 


HAEMATOLOGICAI. INVESTIGATIONS 


Routine haematological values were meas ed on a 
Coulter Counter Type S apparatus and platelet counts 
on a Coulter Counter Type Fn. Particular attention was 
paid to the packed cell volume (PCV), which was 
measured separately by us by a microhaematocrit 
technique in the heparin samples used for whole-blood 
viscosity measurement. Trapped plasma was measured 
on a further heparin sample by a! I-labelled albumin 
dilution technique (Garby and Vuille, 1961). Observed 
PCVs were adjusted to the correct PCV by subtracting 
the measured trapped plasma value. A blood|film in 
each case was examined by one of us (TCP). ESR was 
measured at one hour by the Westergren method. 
Plasma fibrinogen was measured by the method des- 
cribed by Ingram (1952). 


— ——— 


CHEMICAL DETERMINATIONS ! 


Serum protein, uric acid, and creatinine levels were 
determined by a routine multichannel analyser ('T'echni- 
con SMA 12/60). Immunoglobulins (IgG, IgA} IgM) 
were estimated using immunodiffusion plates., RVO 
patients also had routine investigation of serum choles- 
terol, antinuclear factor, and serum complement. 
Fasting plasma triglycerides were estimated and a 
glucose tolerance test was carried out within the next 
week, 


angiographic appearances of the retina. The modified classification of branch vein occlusion as suggested 


| 
Table II Classification of 44 RVO patients into three groups (A, B, C) on the basis of the fluorescein | 
| 


by Archer and others (1974) ts shown for comparison 





| 







RVO group BVO classification 
classification (Archer and others) Definition CRVO BVO Total 
ra 7 ü No significant areas of 12 5 17 
E x 2 l retinal ischaemia 
Bo 3, subgroup A Focal areas of capillary 2 5 7 
non- on 

ë F subgroup B Extensive areas of 6 14 20 

4 capillary non-perfusion : 









Viscosity and retinal vein thrombosis 399 





rG, 1. Branch vein occlusions. (a) Group A. Dilated 
capillaries in distribution of a small superior temporal 
occlusion. (b) Group B. Small areas of capillary 
non-perfusion (arrows) in a superior temporal occlusion. 
(c) Group C. Widespread capillary non-perfusion in an 
inferior temporal occlusion, Note irregularity of calibre 
and leakage from artertoles passing through area 


BLOOD PRESSURE 


When each subject was first seen the blood pressure was 
taken with the patient seated and by the same investi- 
gator (CPR). Diastolic pressure was taken as the point 
of muffling of Korotkoff's sounds. Blood pressure 
differential between the two arms was excluded in the 
RVO group. Patients with a diastolic pressure above 
05 mmHg were considered to be hypertensive. 


OPHTHALMIC EXAMINATION 


Every patient in the RVO group was assessed on each 
visit with measurements of corrected visual acuity, slit- 
lamp examination, and applanation tonometry. Colour 
photographs (Kodachrome II) were taken and fluores- 
cein angiography performed at presentation and on at 
least one other occasion, For fluorescein angiography 
s ml of 20 per cent sodium fluorescein was injected into 
an antecubital vein and the transit of dye through the 
fundus was recorded at 1-second intervals with a 
Zeiss fundus camera (Ilford FP4 film). 

For ethical reasons fluorescein angiography was not 
performed on the control group. 


STATISTICS 


Student's / test was used for comparisons of the groups. 


Results 
GROUPING RVO PATIENTS 


Archer, Ernest, and Newell (1974) classified thei 
branch retinal vein occlusion (BVO) patients int 
four major groups (1-4), subdividing group 3 into 
3A and 3B according to the results of a number of 
investigations by fluorescein angiography and 
suction cup ophthalmodynamometry. We havi 
included both central and branch vein occlusions 
which are considered to have similar underlying 
pathology. We have used a simplified classification 


to subdivide the whole RVO group purely on the 
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Huorescein angiographic appearances, which were 
assessed for the presence and extent of capillary 
non-perfusion. Table I shows how the 44 RVO 
patients were subdivided into three groups, with 
the definitions and classification of Archer and 
others (1974) shown for comparison. Figs 1 and 2 
are fluorescein angiograms illustrating an example 
of each subdivision in branch vein occlusion and 
central vein occlusion respectively, 

Although all care was taken, an obvious source 
of inaccuracy with this method is observer error 
i capillary non-perfusion. All 
patients were subdivided before the significance 


in assessing the 





(2h) 


iG. 2 Central vein occlusions, (a) Group A. An 
intact capillary bed with widespread dilatation. (b) 
Group B. Small areas of capillary non-perfusion 
(arrows). (c) Group C. Extensive capillary non- 
perfusion. (arrows ) 


of the viscosity results was known. Subsequent 
statistical comparison of the RVO group was made 
in order to eliminate observer. error—that is, 
group A was compared against group C, then 
groups A and B against group C, then groups B 
and C against group A, 


VISCOSITY MEASUREMENTS 


Whole-blood viscosity measured on the collected 
blood samples (that is, at the observed PCV) 
showed no statistical difference between the total 
retinal vein group and the 
groups, at all shear rates. However, there was a 
highly significant difference (P < 0:01 at 230 s! and 
P<o-oo1 at 23, 2:62, and 0:77 s^!) between the 
control group and those patients with large areas 
of capillary non-perfusion (group C). Analysis 
within the RVO group itself showed a highly 
significant statistical difference between group A 
and group C (P<o-oor at all four shear rates). 
Combination of group B with either A or € made 
little difference (P<o-oot in six of the analyses 
and o:oor < P« o:oos in the other two). Fig. 3 
illustrates the viscosity results in the RVO and 
control groups at shear rates of 230 s ' and 0:77 s~.. 

These findings indicate that the whole-blood 


occlusion control 





5:7 
9 
A 
359 d 49 
Shear rate 230s"! . 
Tz S : * 45 
z 
Q9 49 : í 41 
= L| 
347 : :37 
y ; 
£ F 
o 45 H ' r: 33 
O . . . 
9 * 
43 . 
443 l 29 
[e . $ 
a + * ES - 
744 of 25 
; ; . j 
39 ^ " t à 2| 
37 
35 A B Z i3 
Vein occlusion groups Controls 
viscosity measured at the observed PCV was 


abnormal only in the RVO groups with capillary 
non-perfusion. If the RVO group is taken as a 
whole the abnormality was concealed by the normal 
viscosity of RVO patients without capillary non- 
perfusion. 

Dormandy (1970) introduced the idea of using 
a regression line relating log viscosity values and 
PCV to ‘correct’ the viscosity results at the observed 
PCV to viscosity values at a mean PCV level. This 
eliminates the dominant PCV influence on whole- 
blood viscosity and allows analysis of the other 
major influencing factors, plasma protein composi- 
tion and red cell deformability. Mean PCV values 
for the control and retinal vein occlusion groups 
were 0'431 and 0:426 respectively. Viscosity results 
were ‘regressed’ to a PCV of 0-42, which allows 
for deducting 0-005 for trapped plasma. Comparison 
of whole-blood viscosity in the RVO group against 
the control group at this PCV level showed that it 
was higher in the occlusion group. Although this 
difference was not statistically significant at a 
shear rate of 230 s^! (oos «P «o'1) it became 
increasingly significant at lower shear rates 
(o'oos <P <o-or at 23 s^!; P==o-001 at 2:62 s`}; 
and œoor <P <o-o05 at 0:77; s^)) Investigations 
within the RVO group on this basis showed a 
statistically significant difference (oor < P< 0-02) 
between the closure/non-closure groups at shear 
rates of 0°77 
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rig. 3 Wele-blood 
viscosity results of RVO 
groups and controls at 
PCF at presentation at 
(a) shear rate of 230 377, 
and (b) shear rate of 
0:775 s^, Mean and one 
standard deviation are 

: indicated (P< o:o01 for 
difference between 
groups A and C) 
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Vein occlusion qroups Controls 
statistically significant (oos<P<o1r). Fig. 4 


shows the regressed viscosity results of the RVO 
and control groups at shear rates of 230 s^! and 
Qus gt 

These results show that after the PCV effect on 
whole-blood viscosity had been eliminated other 
factors still influenced the results. The viscosity 
results for the total RVO group were higher than 
the control group. The patients with capillary non- 
perfusion had higher viscosity values than those 
without capillary non-perfusion. 

Yield stress values were calculated from whole- 
blood viscosity measurements made at the observed 
PCV and there was no significant difference between 
the total RVO and control groups. However, 
analysis of group C against the controls showed a 
significantly higher yield stress value in group C 
(P«oooi1) When the RVO patients were con- 
sidered significantly higher yield stress values 
were found between groups A and C (P<o-oo1) 
and the statistical significance remained unaltered 
whether group B results were included with those 
of group A or C. Fig. s shows the yield. stress 
values of these three groups and the controls for 
comparison. 

These findings indicate that the yield stress 
calculated on the viscosity results at the observed 
PCV was abnormal in RVO patients with capillary 
non-perfusion. Taken within the RVO group as a 
whole this abnormality was concealed by the norma! 
values of those without capillary non-perfusion. 
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After regression of the whole-blood viscosity 
values to the mean PCV (042) the yield stress 
values were recalculated, and there was no differ- 
ence between the results of the control and total 
RVO groups. However, there was a highly signifi- 
cant difference (P<o-oor) when group C was 


. Yield stress x iON 
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FIG. 5 Yield stress values calculated at PCV at 
presentation for RVO and control groups. The mean 
and one standard deviation are indicated (P < 0-001 
for difference between groups A and C) 
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Shear rate O:77s" 


FIG. 4 Whole-blood 
viscosity results in RVO 
and normal groups, after 
regression of viscosity 

j ¿ results to a mean PCY of 


(oor < P < 0-02 a 

0'77 1^; P —0:025 at 
230 1^! for difference 
between groups A and C) 


! 0'42, at (a) shear rate of 
: - 230 17, and (b) shear 

- rate of 077 s. Mean 
d l and one standard 

b deviation are indicated 

| 


Controls 


compared with the controls and also when the 
three RVO groups were analysed. Patients in 
group C had higher yield stress values than those in 
group A. Fig. 6 shows the yield streas values in the 
RVO groups and controls calculated from the 
whole-blood viscosity values at the mean PCV. 

This shows that after eliminating the influence 
of PCV on whole-blood viscosity and recalculating 
the yield stress RVO patients with capillary non- 
perfusion still had abnormal results. Taken as a 
whole, however, the RVO patients did not have 
yield stress values significantly higher than the 
control group. ' 

Plasma viscosity results showed a highly signifi- 
cant difference (o'oor <P<0o-o005) between the 
values of the two differently aged control groups. 
Comparing the RVO and older control group there 
was also significant difference (0:025 < P < o-05), but 
between the RVO groups there was no difference. 
This analysis correlates well with the fibrinogen 
results below. 

These results indicate that although the RVO 
patients had an abnormal plasma viscosity it was 
no higher in the patients with capillary non- 
perfusion than in those without. 


HAEMATOLOGICAL RESULTS 


Although there was no significant difference 
between the trapped plasma results in the RVO 
and control groups, analysis of the PCV result 
was done on the measured PCV after subtraction 
of the trapped plasma. Over all there was no 
significant difference between the control and 


total RVO groups (o-4 « P<o-5). Further analysis 
allowing for variations of PCV between sexes did 
not alter the results. A highly significant difference, 
however, was found between groups A and C 
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ric. 6 Yield stress values calculated after regression 
of viscosity results to a mean PCV of 0-42. Mean 
and one standard deviation are indicated (P < o:001 
for difference between groups A and C) 
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ric. 7 PCV values within RVO and control groups. 
Mean and one standard deviation are indicated 
(0-001 < P <o-005 for difference between groups A 
and C) 
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(o'001« P<o-005). Including group B with either 
A or C produced the same significance. Fig. 7 
shows the PCV results of the RVO and control 
groups. 

These findings show that patients with capillary 
non-perfusion had a higher PCV than those without 
non-perfusion., 

The plasma fibrinogen levels showed a highly 
significant difference between the younger and 
older control groups (0-001 < P< 0-005). Because 
of the important influence of fibrinogen on vis- 
cosity the younger group was not included in the 
statistical analysis. Comparison of the older controls 
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with the RVO group also showed a significant 
difference (P<o-o01). There was no significant 
difference between the three RVO groups. Fig. 8 
shows the relationship of the fibrinogen values. 

These results indicate that plasma fibrinogen 
levels were abnormal in the RVO patients but the 
abnormality did not correlate with the presence 
or absence of capillary non-perfusion. 

Other routine haematological investigations were 
normal in all control and patient groups, and in 
particular there were no patients or control subjects 
with a raised erythrocyte sedimentation rate, Blood 
films showed no evidence of any haematological 
disorder. 


Y 


of 


h Journal of Ophthalmol 


à 


"418 


404 Bi 


jueagiuzis JOU = GN 


O$:1 3A11s0d z 
OL: T @Aisog F 10392} 
JANEÄƏN Zt Jeopnunuy 
pu 001 Hus oS-oz pu oot Btu g. FE [A 8072-0 He d 
[ui oor Šu ogi-og jur COL Bu 1.62 1/8 g-i-8.o [/8 6L.0 if £2 quawaydwoy 
apiuasApin 
pu 001 ‘Au 091-09 100-0 > q (6.98) FAri — (f.1£) 4.59 — quroorifur rÓir — [/ounu 1g.1-gg.o 100.024  (f9.0) 99.1  (Sf.0)26.0 p [oum gttr oF meae 
qui oor {Bur otz-oo1 SN (9 tt)oitz (9.18) gozz pu ooru totz — jou zz.9-68.z SN  (Sri)tz.9  (f£3)g88.$ — pounu Erg tt POIRIA 
abun. O-F — (US !*) — (dS t3) una abun. DF (SIF) — (gs r5: una 
Auoppsoqe'y  soupzmulis J dnos) — yp PAD dno4z) ss os ANE Lu NIE air Vn LN os 
————ÓÀ————————À——À——— — -Hsonui unsisaaug 
SMUN JDuotppa J, sun TS ON 
ipsa 


WAPIENNA OSARE AAAA AAAA AARAA DAARAAN OOA amie in nn UE VE 


dno43 QAM A ut suoipatjsoaur JOUOIPPF — Ay AQEL 














SN — — yuao rad (11.0) — iz.1 quas 19d (£0.0)  zz.I vuiseid paddes |. 
zO.0c d — — Sppuur (9.2)  £.28 Huu (£.£1)  r.b6 HONEI 
100.0 » d a — Sppuui(g.z1) £Z.Z£1i äpputu (rof) Ergi BTYOISAG 
ainssaid poorsy 
SN ju ool tu (9-28) Ferga pu oor Bu (O.290) Ozi ti (z5.0} 12-1 ps {z790} oz- WI 
$0.0» d ju COT sur (g.Eg)  t.o01 pu oor Buw (Fror)  g.ttz [3 (F9.0) O61 PA (10.1) S£.z väi 
SN pu oor Bur ($.e41) t.Scot ju Oot Mur (¢.601) g-Ozar V8 (64.8) $7.01 [8 (66.1) 6z.01 £s 
sui[nqojZounuiuig 
SN ju oor dur (£.0) Ee pu oor zu (t.o) gz.Z pa (oE) t. pa {ot) ggz ura3oad Jelo, 
3-0 > g] > S00 pu COL Aur (t1.0) to.t ju oor; Bur (1£.0) tid pyour (t.z1) 6.46 piounu (t.Zz) s.oot 23uiUuiJES1 
1200242500 iut OO sur (9.1) SE.S [uu Cor Suu (9£.1) £6.$ pjeunu (cqo.o) 17.0 p[ourur (£g0.0) gSt.o piss 213 
800.0 7 d pu oor/ur(t.69)  Z.gct pu oor Bui {L.F6)  g.L6t U3 (609.0) gz- [4 (86.0) g6-£ uadounqr 
£0.0> q sda (fo.o)  Egz.1i sda (40-0)  £óz.i z WS OIL (FO.0) fgr.I z WSN, OF x(LO.0) ZL6z.I AVISOASIA BUSEY 
$1041H0/) dno48 OAM s]041u0 7) Qno43 QAN 
POLED IY tfi da a SI ausit a a A cedes dne e sie E T ———P tmp t Ó— M p ——À—ÓÁeÓ ————————————————— RR = uonpdiisoau 1 
SIHH jmuouippa J spun fg 


sypnset fo (QS 127) uba 


SVUOTARE 


SNOAB Jo41u02 PUD () AM 211 ui suoyosysaau anpanf fo &imunung TT ayqey, 


BIOCHEMICAL RESULTS 


These are summarized in Table III. Serum uric 
acid levels were higher in the RVO group than the 
controls, and this became statistically significant 
when the control group was compared with group 
C (oor«P«oo2). Serum creatinine, a more 
accurate indicator of renal function than urea 
values, was higher in the RVO group than in the 
controls although the difference was not statisti- 
cally significant (005 « P« o'1). Analysis of total 
serum proteins and serum globulins showed no 
significant differences between groups. 

Immunoglobulin electrophoresis did not detect 
any dysproteinaemic state in the patients examined. 
IgG and IgM levels were not significantly different 
between the control and RVO groups but interest- 
ingly there was a significantly higher level of IgA 
in the RVO group (0:025 « P < 0:05). 

Further investigations performed within the 
RVO group are summarized in Table IV, and show 
a high mean cholesterol level of 6:13 mmol/l 
(2364 mgíroo ml) (range 3:76-8:94 mmol/l) 
(145-345 mg/100 ml). There were 24 patients with 
levels equal to or greater than our laboratory 
upper range of normal (6:22 mmol/l) (240 mg/1oo 
ml). 

Fasting triglycerides were estimated in only 40 
RVO patients and 11 had levels equal to or greater 
than the upper limit of normal (1°81 mmol/l) 
(160 mg/1oo ml). The mean level was 1:34 mmol/l 
(119 mg/1oo ml) (range 0:45-2:66 mmol/l) (40-235 
mg/1oo ml). 

C4 complement levels were equal to or less 
than the lower limit of normal (o:8 g/l; 80 mg/1oo 
ml) in 22 patients (range 047-118 g/l; 47-118 
mg/1oo ml). C4 levels were measured in 10 of the 
patients with the lowest C3 levels but these were 
all normal Antinuclear factor titres were all 
normal ( « 1/10) except for equivocally raised levels 
in six patients (Table IV). 


OTHER DISORDERS IN RVO GROUP 


Blood pressure differences between the control 
and RVO groups showed a highly significant 
difference at systolic levels (P<o-o01) and a 
significant difference at diastolic levels 
(oor«P«oo2) Eight patients were receiving 
treatment for hypertension at the time of diagnosis. 
Hypertensive treatment was started in nine patients 
after presentation. Four patients had received 
' hypotensive therapy in the past but three of them 
were normotensive at presentation. Twenty-six 
patients (59% of the total group) were therefore 
considered to be normotensive. The total number of 
patients receiving or in need of hypotensive treat- 
ment was 18, and 14 of these had evidence of 
some capillary closure. 
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Glucose tolerance tests detected one diabetic 
in the group. Various forms of cardiovascular 
disease were present—intermittent claudication 
(one patient), history of deep vein thrombosis 
(three patients), myocardial infarct (one patient), 
and angina (one patient). One patient had had a 
bowel carcinoma resected three years previously. 


Discussion 


Before discussing our results we must comment on 
certain aspects of methodology. 

PCV and hence whole-blood viscosity are 
influenced by venous stasis during collection of 
blood samples (Berry, Perkins, and Jernstrom, 
1950) and by posture and mobility (Widdowson 
and McCance, 1950), and they are also subject to 
diurnal variation (Ehrly and Jung, 1973). Venous 
occlusion was therefore avoided and, so far as 
possible, all subjects were comparable in terms of 
posture and mobility when blood was taken. 
Ehrly and Jung (1973) emphasized the importance 
of sampling between 1 pm and s pm, when diurnal 
variations in factors affecting viscosity are most 
constant. We therefore used this period in our 
study. 

Anticoagulation of the blood for viscosity 
measurement complied with the observation of 
Zingg, Sulev, and Morgan (1973), who found no 
difference in whole-blood viscosity in samples 
with heparin concentrations varying from 14-95 
U/ml. Blood viscosity is critically temperature- 
dependent (Rand, Lacombe, Hunt, and Austin, 
1964) and for this reason all measurements were 
done at a body temperature of 37°C. 

The influence of age on PCV (Mayer, 1964) 
and fibrinogen (Ditzel and Kampmann, 1971) 
made it necessary to divide the 60 normal subjects 
into two groups, and 30 over the age of 45 years 
were used as a control group. Although the patient 
group and control group were not precisely matched 
for age, the mean age of 61:6 years of the RVO 
group compared closely with that of 57:9 years of 
the control group. The mean age in the RVO 
group collates well with other studies (Blankenship 
and Okun, 1973, 62:6 years; Michels and Gass, 
1974, 63 years; Clemett, Kohner, and Hamilton, 
1973, 59°5 years; Gutman and Zegarra, 1974. 
37-5 years) There was no statistical difference 
between the mean ages of patients with and without 
capillary non-perfusion. However, they differed in 
PCV, whole-blood viscosity, and vield stress values. 
The ratio of men to women in the patient and 
control groups was about the same—namely, MiP 
25:19 and 18:12 respectively. 

Capillary viscometers with their inconstant shear 
rate have been used for many years to show differ- 
ences in whole-blood viscosity. Wells, Denton, and 
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Merrill (1961) introduced a modification of a cone- 
plate viscometer to measure whole-blood viscosity. 
With the ability to control the shear rate interest 
has been focused on changes in blood constituents 
that might lead to an alteration in the rheological 


(fow) characteristics of blood. The question of, 


whether increased blood viscosity is an aetiological 
factor in the development of thrombosis at sites 
other than the retinal circulation has been dis- 
cussed by many authors. There is no doubt that 
retinal vein occlusion is a relatively common feature 
in conditions characterized by a hyperviscosity 
state—for example, polycythaemia (Duke-Elder, 
1967) and macroglobulinaemia (Spalter, 1959). 
These conditions should obviously be sought in 
every patient developing a retinal vein occlusion or, 
of course, an occlusion at any other site. A hyper- 
viscosity state, however, was not present in any of 
our patients. Some had raised immunoglobulin 
levels, but none high enough to cause hypervis- 
cosity, and no patient had a PCV exceeding o-50. 

In this study higher levels of fibrinogen, plasma 
‘viscosity, and whole-blood viscosity, particularly 
at low shear rates, were found in the total patient 
group, especially in those with capillary non- 
perfusion, compared with the control group. The 
possibility that these abnormalities contribute to 
occlusion requires consideration. Ott and others 
(1974) found higher blood-viscosity values, more 
obviously significant at low shear rates, in patients 
with cerebral infarction compared to an age- 
matched control group. Blood viscosity measured 
at low shear rates was many times higher in patients 
suffering from arterial or venous thrombosis than 
in healthy individuals (Dintenfass, 1966). In a 
prospective study of postoperative venous throm- 
bosis Dormandy and Edelman (1973) found a 
significant relationship between the development of 
thrombosis and raised blood viscosity and fibrino- 
gen levels. They measured viscosity only at a 
shear rate of 230 8^1, and probably a more striking 
difference would have been seen if they had 
measured viscosities at low shear rates. In veins 
the shear rate is lower than in other parts of the 
circulation (Whitmore, 1967; Dintenfass, 1971). 
Fibrinogen and the globulin fraction of blood are 
responsible for the formation of red cell aggregation 
(Chien, Usami, Dellenbach, and Gregerson, 1970), 
and it is this phenomenon that imparts the non- 
Newtonian behaviour of blood (Chien, Usami, 
Dellenbach, and Gregerson, 1967) with a rise in 
whole-blood viscosity at low shear rates. 

The presence of a definite venous thrombosis in 
retinal vein occlusion has been questioned (Kohner 
and Shilling, 1976) and, indeed, the course of 
events still remains obscure. A consideration of the 
rheological events at the time of occlusion may add 
further insight into the pathophysiology of the 


condition. Fujino and others (1968) showed 
experimentally that complete venous occlusion 
produced arterial stagnation and an ischaemic 
retina, and that only partial occlusions produced a 
similar picture to that of CRVO. Furthermore, 
there is always evidence of some venous flow as 
shown by fluorescein angiography (Fujino and 
others, 1968; Oosterhuis, 1969). Similar clinical 
evidence supports the view that complete venous 
occlusion is only rarely observed in branch vein 
occlusion (Kohner and Shilling, 1976), although 
the damage to the vein wall and endothelial proli- 
feration is an accepted pathological finding. The 
fact that a venous thrombosis partially occluding 
the lumen may occur but not lead to complete 
obstruction remains a possibility. A controlled 
randomized study of the role of a fibrinolytic 
agent, streptokinase, in CRVO concluded that it 
was not beneficial (Kohner, Hamilton, Bulpitt, 
and Dollery, 1974). This supports the suggestion 
that a venous thrombosis does not occur or, alter- 
natively, that the introduction of streptokinase 
was too late after the occlusion for the patients to 
benefit from it. 2 
Pathological changes in the vasculature of the 
retinal circulation are almost certainly a factor in 
the development of RVO. In BVO impedance of 
blood flow is virtually always at arterio-venous 
crossings (Gass, 1968) where tlfere is either pressure 
on the vein or a thickened wall due to arterial 
disease or endothelial proliferation, or both. 
Similar pathological processes probably occur at the 
lamina cribrosa in CRVO but absolute confirmation 
is more difficult to obtain. Fluorescein angiography 
provides the proof of turbulence at arterio-venous 
crossings in BVO and on pathological grounds it 
is reasonable to expect a similar situation in CRVO. 
Even when blood viscosity is normal a 'triggering 
mechanism’ at the aite of ‘occlusion’ might set off a 
rheological vicious circle, the decrease in flow 
(shear rate) causing an increase in blood viscosity 
owing to the non-Newtonian behaviour of blood. 
This would be followed by a further decrease in 
flow with a vicious circle type of increase in vis- 
cosity. Increase in viscosity has also been shown to 
occur with a reduction in pH (Murphy, 1967), and 
this might also occur locally after the initial period 
of slowing, further increasing viscosity. Rheological 
occlusion seems a possibility and this may or may 
not be followed by a true thrombosis. A 'rheologic 
obstruction' at the isometric phase of ventricular 
contraction, when the shear rate falls almóst to ' 
zero, was suggested by Burch and De Pasquale 
(1965) as the cause of myocardial infarction in the 
absence of an anatomical obstruction of the coronary 
arteries. Retinal vein occlusion may be another 
example of *rheological obstruction'. The triggering 
mechanism to the process is difficult to explain in 


terms of blood viscosity alone except perhaps in 
patients with much higher values. To study the 
possibility that higher blood-viscosity values pre- 
dispose to the development of retinal vein ‘occlu- 
sion’ it would be necessary to do a prospective study 
on a group of patients with a similar degree of 
retinal vessel changes and without occlusion. 
Blood viscosity and the retinal appearances would 
need to be followed for a time. Finally, the group 
would be subdivided into those with and those 
without vein occlusion. Comparison of the viscosity 
values of the two groups would then give a clearer 
picture of the role of this factor. 

The most striking finding in the present study 
was that of increased values for PCV and whole- 
blood viscosity in patients with capillary non- 
perfusion compared with those without. The 
precise mechanism of capillary  non-perfusion 
remains obscure. Ashton (1970) mentions that in 
capillary non-perfusion the capillaries may not in 
fact be closed but that a state of circulatory stag- 
nation may exist. This hypothesis seems very 
plausible in a situation where the viscosity of 
blood is increased. RVO patients have already been 
shown to have a higher viscosity than the control 
group, yet among these patients there is a group 
with even higher values. The fact that this is the 
group showing capillary non-perfusion suggests 
a close link with the theory of Ashton (1970). The 
vicious circle situation mentioned above might 
in the presence of higher viscosity predispose to a 
situation of circulatory stasis in some of the retinal 
capillary bed. The magnitude of the force required 
to re-establish flow (yield stress) in a stationary 
blood column would become critical, and it must 
be significant that this value is also higher in patients 
with non-perfusion than without. When capillary 
non-perfusion is present the distribution is usually 
patchy, and this probably represents local variation 
in shear stress and shear rate. 

The importance of capillary non-perfusion has 
been investigated by Shilling and Kohner (1976). 
They found a statistically significant association 
between capillary non-perfusion and retinal neo- 
vascularization which is important in the morbidity 
of RVO due to vitreous haemorrhage, preretinal 
fibrosis, and retinal detachment. Hence patients 
with higher viscosity and vield stress values may 
well be at a greater risk of a more serious event 
with the development of capillary non-perfusion, 
retinal ischaemia, and its complications. 

Our study shows therefore that differences in 
blood constituents may affect the outcome. This 
factor was considered in a study of acute myo- 
cardial infarction by  Hershberg, Wells, and 
McGardy (1972), who found that there was no 
correlation between the PCV after admission to 
hospital and the eventual outcome of the episode. 
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Viscosity values were not, however, measured, and 
Dormandy (1970) has commented that the PCV 
might not be a reasonable guide to the whole-blood 
viscosity value in a particular individual. Further- 
more, acute myocardial infarction may be charac- 
terized by considerable systemic disturbance that 
might influence the value obtained for the PCV 
on a sample of blood taken after the infarction. 
Retinal vein occlusion is associated with no systemic 
disturbance. 

Variation of PCV at different sites in the circula- 
tion is well recognized. The possibility arises that 
the PCV, and hence viscosity of a sample of blood 
taken from an antecubital vein, may not accurately 
reflect the PCV prevailing in the ‘occluded’ retinal 
vein. Therefore the dominant PCV influence on 
the whole-blood viscosity was eliminated and 
other factors influencing viscosity were analysed, 
This was done by the method of Dormandy 
(1970) where a log viscosity/PCV correlation 
equation was used to compare all results ‘regressed’ 
to the same mean PCV of 0-42. Significantly higher 
values were found for yield stress and whole-blood 
viscosity after carrying out this regression procedure 
when patients with capillary closure were compared 
to those without capillary closure. 

There is general agreement that arterial vascular 
disease is commonly present in retinal vein occlu- 
sion (Braendstrup, 1950; Paton, Rubinstein, and 
smith, 1964; Kohner, 1964; Raitta, 1965; Clements, 
Eisby, and Smith, 1968; McGrath and others, 
1973; Gutman and Zegarra, 1974; Michels and 
Gass, 1974). This is supported by our observations 
that 41 per cent of the patients were receiving 
or required treatment for hypertension and that 
there were histories of angina (one patient), inter- 
mittent claudication (one patient), and myocardial 
infarction (one patient). Although analysis of the 
recorded blood pressures showed a statistical 
difference between the control and RVO groups 
it must be taken into account that the control group 
was selected to exclude hypertension. Comparison 
of recorded blood pressures between the RVO 
groups showed no statistical difference. The asso- 
ciation of hypertension and capillary non-perfusion 
was also investigated using the 7? test. No signifi- 
cance between these two pathological changes 
could be found (P--o'118) in our relatively small 
number of patients. À larger survery would prob- 
ably decide whether there was any association. 

Hyperlipidaemia is recognized as a factor in the 
development of arterial disease (Lewis, Chait, 
Wootton, Oakley, Krikler, Sigurdsson, February, 
Maurer, and Birkhead, 1974), Comparison between 
cholesterol levels in patients with and in those 
without large areas of capillary non-perfusion 
showed no difference, although the mean for the 
total group was only just within the upper limit for 
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our laboratory (Table III). A significant difference 
(P«o:oor) was found in the fasting triglyceride 


levels comparing groups A and C. Hyperuricaemia - 


has been linked with the development of arterial 
disease (Kannel, Dawber, Friedman, Glennon, and 
McNamara, 1964). Our total patient group com- 
pared with the controls had a higher serum uric 
acid. This does not reach statistical significance 
at the 5 per cent level but does so if group C is 
compared with the control group. In a group of 
patients with a high incidence of hypertension a 
relatively reduced level of renal function might be 
expected. Our patient group had a higher serum 
creatinine level than the controls, although this did 
not reach a statistically significant level 
(0-05 < P «o 1). ' 

These biochemical investigations support the 
strong association of arterial disease and retinal 
vein occlusion. They also suggest that the incidence 
of biochemical abnormalities is higher in those 
patients with capillary non-perfusion, which sup- 
ports the recent observations of Shilling and 
Kohner (1976). 

The absence in every patient of immunoglobulin 
changes compatible with a hyperviscosity syndrome 
has been commented upon. It is interesting, 
however, that a significantly higher IgA level was 
found between the control and the total patient 
group. The mean level of IgA in the retinal vein 
group, however, was not higher than the upper 
expected limit for our laboratory (4:0 g/l). McGrath 
and others (1973) found raised IgA levels in 14 of 
their 54 patients with retinal vein occlusion aged 
over 50 years. The actual levels found in their 
series were not mentioned. The finding of a higher 
IgA level in the retinal vein group remains unex- 
plained. 

Ellis, Hamer, Hunt, Lever, Lever, Peart, and 
Walker (1964) reported an association of neoplasia 
and systemic lupus erythematosis with retinal 
vascular occlusion. Our series does not show such 
a high incidence of neoplasia (only one patient) 
and ANF titres were all negative (« 1/10) except 
for equivocally raised levels in six patients (see 
Table III) Diabetes (Cohen, Staunton, Irving, 
and Gorchein, 1973) and glaucoma (Dryden, 
1965) have been associated with retinal vein occlu- 
sion. Our finding of one patient with diabetes 

and two patients with raised intraocular pressure 
confirms the importance of seeking these con- 
ditions. 

This study of blood and plasma viscosity has 
given a possible insight into the pathophysiology 
of the condition of retinal vein occlusion. The 
question of whether a therapeutic measure to 
alter the blood constituents could modify and 
moderate the morbidity of the condition is very 
difficult to assess. Possibly irreversible retinal 


damage, if it is going to occur, has ‘already occurred 
before the patient presents. From a rheological 
stand point the only therapeutic measures available 
are venesection to lower the PCV, the use of an 
agent to lower the fibrinogen level, and treatment 
of hypertension if present. Clofibrate has been 
used by Dormandy, Gutteridge, Hoare, and 
Dormandy (1974) in patients with intermittent 
claudication and has been shown to lower both 
fibrinogen and whole-blood viscosity. ‘Therapeutic 
phlebotomy has been shown by Burch and De 
Pasquale (1963) to benefit patients with angina 
pectoris, but they treated patients who had a PCV 
exceeding o:50. This feature was not present in 
any of our patients. 

Retinal vein occlusion may occur more than 
once in an individual It would therefore seem 
reasonable that there should be a controlled study . 
to determine whether such treatment reduces the 
incidence of further occlusion in patients with 
RVO who have a rheological abnormality which 
can be modified by treatment. 


Summary 
Whole-blood and plasma viscosity with haema- 
tological and biochemical investigations were 
measured in 44 patients with retinal vein occlusion. 
The patients were subdivié on the basis of 
fluorescein angiographic findings into: 
1. Those with large areas of capillary non- 
perfusion. 
2. Those with small areas of capillary non- 
perfusion. 
3. Those with an intact capillary pattern. 


Capillary non-perfusion in retinal vein occlusion 
is associated with a higher morbidity owing to the 
complications of retinal neovascularization. Signifi- 
cantly higher values of whole-blood viscosity, 
packed cell volume, and yield stress have been 
found in patients with capillary non-perfusion 
than in those without. 'l'hese differences may be of 
critical importance during the episode of retinal 
vein occlusion and suggest an aetiological factor in 
the development of capillary non-perfusion. Higher 
whole-blood and plasma viscosity values and 
plasma fibrinogen levels have also been shown in 
the whole retinal vein occlusion group compared 
with a control group of 30 individuals. These 
differences may be a factor in the development of 
retinal vein occlusion but their precise role is 
difficult to evaluate. 

Further biochemical investigations in the vein 
occlusion group supported the strong association 
with arterial disease and suggested a higher inci- 
dence of biochemical abnormalities in those patients 
with capillary non-perfusion. 


This work would not have been possible without 
the use of facilities generously provided by Mr J. A. 
Dormandy, consultant surgeon, St George’s and St 
James’s Hospitals, London. The endowment fund of 
St Thomas's Hospital supported one of the authors 
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Fluorescein angiography and its prognostic significance 


in central retinal vein occlusion 


L. LAATIKAINEN anp E. M. ROHNER 


From the Retinal Diagnostic Unit, Moorfields Eye Hospital, London 


There are three principal reactions of retinal 
blood vessels to veno-occlusive disease: dilatation 
of retinal veins and capillaries, abnormal vascular 
permeability, and vascular non-pertusion primarily 
affecting the capillaries. Fluorescein angiography 
permits localization and qualitative evaluation of 
abnormal vascular permeability (Gass, 1968). It 
shows clearly perfused capillaries and delineates 
areas of non-perfusion. The degree of capillary 
dilatation can be gauged by comparing the affected 
with the normal eye (dilatation of capillaries is 
usually associated with non-perfusion of others). 
In order to determine the relevance of the 


various abnormalities observed on fluorescein 
angiograms in central retinal vein occlusion 
(CRVO) a prospective study was undertaken 


correlating the fluorescein angiographic findings 
with the final status of the eyes affected. The results 
are presented in this paper. 


Patients and methods 


Seventy-five eyes of consecutive patients with CRVO 
referred to the Retinal Diagnostic Department of 
Moorfields Eye Hospital or to Hammersmith Hospital 
were followed-up. Eyes with associated major retinal 
vascular disease like diabetic retinopathy were excluded. 
None of the patients received any specific treatment for 
the occlusion for at least one vear after presentation. 
Symptomatic treatment for complications such as 
thrombotic glaucoma was given as required. The initial 
examination was done within one month of the first 
visual symptom in 60 cases (in 37 during the first week) 
and during the second and third months in 15 cases. 
After the initial presentation most patients were studied 
at three, six, and 12 months after the onset of symptoms. 
Some of those presenting during the first month had 
additional studies performed at six to eight weeks. At 
each visit a full eye examination and retinal photography 
were performed. 

For fluorescein photographs 5 ml of 20 per cent 
sodium fluorescein was injected as fast as possible using 
either an antecubital intravenous injection or an intra- 
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venous catheter which was carried from the antecubital 
vein to the subclavian vein in order to get the best 
possible dve bolus in the retina. 


ANGIOGRAPHIC FEATURES RECORDED 


The following features were recorded in each Huorescein 
angiogram. 

1. Presence, absence, localization, and extent of retinal 
non-perfuston. ln retinal capillary non-perfusion central 
and peripheral areas of capillary closure were separated 
and the extent of non-perfusion was graded qualhta- 
tively as 0, t, Of t +. 

2. Completeness of perifoveal capillary arcade. The 
perifoveal capillary arcade was regarded as broken 
when a definite gap in its continuity was seen. In some 
cases it was impossible to assess the arcade fully in the 
first angiogram because of macular oedema or haemorr- 
hage. In these eves the intactness of the arcade was 
analysed later. Eves in which no normal macular capil- 
laries were present were recorded as a separate group. 

3. Presence or absence of fluorescein leakage in the 
macular area and source of such leakage, Eves with 
fluorescein leakage from postcapillary venules only but 
no obvious leakage from the pertfoveal capillaries were 
separated from those with capillary leakage. 

4. Qualitative estimation of leakage from main veins. 
Leakage from the main veins and the larger venous 
branches was graded as o, +, ep, or + ~ +. The 
amount of venous dilatation was not measured or 
arbitrarily estimated. 

s. Length of macular transit time. This was defined as 
the time between the first fluorescein appearance in 
the main retinal arteries and its appearance in the 
macular veins. In most healthy eves the fluorescein 
appears in the macular veins within 1-2 seconds of 
reaching the arteries. “Therefore macular transit time 
of less than 2 seconds was regarded as ‘normal’ and 
2 seconds or longer as ‘delayed’. 

6. Dise or retinal new vessel formation. 


Arm to retina fluorescein circulation time was not 
compared with that of the normal eve because of 
inaccuracies due to variables in technical and circulatory 
factors. 


CLENICAL GROUPINGS 


"The eyes were subdivided into the following five groups 
according to the one-year (final) visual acuity (VA), 
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(1a) 


(1h) 


FIG. 1 Mild CRVO. (a) Perifoveal capillary arcade nearly intact (arrow). (b) Same eve, late venous phase. Some 
leakage from main veins (arrows 1) and macular venules (arrows 2) but no obvious leakage from perifoveal capillaries 





(2a) 


FIG. 2 


Fig. 2a, 1 vear later. Complete resolution without leakage 


ophthalmoscopic changes, and complications. (1) Full 
resolution (VA 6.9 or better). (2) Partial resolution 
(VA 6 12—6 18) with or without ophthalmoscopically 
visible late changes. (3) Maculopathy (VA 6 24 or less 
due to chronic macular oedema or pigment epithelial 
changes and foveal scarring). (4) Thrombotic glaucoma. 
(5) Other major complications such as proliferating 
retinopathy, vitreous haemorrhage, retinal detachment 
(and preretinal fibrosis). 


(2h) 


CRVO in acute stage. (a) Both venules (arrow 1) and capillaries (arrow 2) leak fluorescein. (b) Same as 


Results 
FULL RESOLUTION 


In 15 of the 16 eyes with good final VA the initial 
fluorescein angiogram showed good retinal capillary 
perfusion. In one eve some small areas of non- 
perfusion were seen in the periphery (Table I). The 
perifoveal capillary arcade was intact or near intact 


Fluorescein angiography — 4x3 


Table I Correlation between final outcome and retinal capillary non-perfusion (initial examination) 





Capillary non-perfuston 


final outcome No. of 








eyes None C; P C+ P- C- P C p Vol Rrotcn 
Full resolution 16 15 ! MEME 
Partial resolution 12 12 = = 
Maculopathy 24 EI - ei 6 JD 
Thrombotic glaucoma 13 2 = s: 3 " i 
Other complications 10 I = H I yi 
‘Total 75 4t 1 8 10 I4 i 
(= Central areas of non-perfusion; P «Peripheral areas of non-perfusion; - s Small areas; 6 + Extensive areas 


Table II Correlation between final outcome and 
completeness of pertfoveal capillary arcade 
(initial study) 





Perifoveal arcade 


4 
I 
I 
t 
i 
i 


Na Nat 


Final outcome Na. of 
eyes Intact Broken capillaries known 

Full resolution ifs 16 = - - 
Partial resolution iz 11 i = = 
Maculopathy 24 11 12 ^ i 
‘Thrombotic 

glaucoma 14 a f S 2 
Other complications 16 ~ 2 7 
"Total 75 40 ifs r5 4 





Table II Correlation beteen final outcome and 
macular leakage (initial study) 





Macular leakage 


Final outcome No. af 0 ——— tme etenim 
eves None lVenulür only Capillary 

Full resolution 16 iI 4 i 

Partial resolution 12 4 4 4 

Maculopathy 2. 1 1 22 

Thrombotic glaucoma Fi - io* 3 

Other complications 10 - 5t 2 

Toral 76 16 2 32 





*Frem remaining veins (no or only few capillaries perfused} 


in all eyes (Table II) and in 11 out of 16 no leakage 
from the macular vessels was seen. The macular 
venules leaked fluorescein in five (Fig. ra, 6), and 
in one of these there was also some capillary leakage 
(Table IID. Macular transit time was normal in 
nine eyes and delaved in seven; in two the delay 
was more than s seconds (Table IV). Mild and 
localized leakage from the major veins was seen in 
eight of these eves. 


PARTIAL RESOLUTION 


In 12 eyes a final VÀ of 6/12 to 6/15 was achieved. 
The fluorescein angiographic findings in this group 
did not differ stgnificantiv from those in the 
previous group. Capillary perfusion was good in all 
cases (Table I) and the perifoveal capillary arcade 
was intact in all but one eve (Table ID. However, 
in this group leakage from the macular vessels was 
more common despite the intact arcade. Venous 
leakage was found in four eves and in four there 
was combined macular capillary and venous 
leakage (Fig. 2a, 6). Leakage from the larger veins 
was more common and more pronounced than in 
the previous group (Table IV). Macular transit 
time was normal in eight eves, delaved in two eves, 
and in two eves it could not be measured (Table IV, 


Table IV Correlation beticeen final outcome and macular transit time (seconds) and venous leakage 


(initial study) 


EEREN RAET AAAA AR ASSAI NTTHAAHANUUAHSAIK ANULUM, 


Macular transit tone 
No. of 


Final outcame 








ae a i Nm den IIIA ST PSI IV Ad ER AS LA UM LU MAMAS UAR STU rre ir re e A e He Ye ATA NOVI M Pn n——M— EE 


Venous leakage 


eyes 25 28 Nat known None Not RHOWN 

Full resolution 16 Q y = bad Fi Looe 

Partial resolution 12 8 2 2 4 4 2 2 

Maculopathy 24 8 12 4 1 12 6 3 2 
Thrombotic glaucoma 13 i 12 - 1 4 5 2 : 

Other complications 10 ~ 10 - = 2 6 » ~ 

Total 75 26 $3 6 14 29 21 9 a 

tni FUA AAAA AAAA ANONRA EA RERA a aa ana 


“box Mild; tob = Moderate; + + Severe leakage 
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FIG. 3 





(3d) 


CRVO of moderate severity in acute stage. (a) Early venous phase ; perifoveal arcade broken. (b) Same 


angiogram as (a), late venous phase. Diffuse leakage from perifoveal capillaries and venules. (c) Same as (a) after 
resolution. Small area of non-perfused and dilated capillaries outside the fovea (arrow). (d) Same angiogram as (c), 


late venous phase. Mild leakage from dilated capillaries (arrow) 


MACULOPATHY GROUP 


In 11 of the 24 eyes in this group retinal capillary 
perfusion was good; no areas of non-perfusion 
were seen either in the centre or in the periphery 
(Fig. 3a, b, c, d). However in 13 eyes small areas 
of capillary closure were discovered at the posterior 
pole (Fig. 4a, b, c) and in six of them smaller 
peripheral non-perfused areas were also present 
(Table D. The perifoveal capillary arcade was 


intact in 11 eyes, broken in 12, and could not be 
seen in one (Table II). Leakage from macular 
capillaries was seen in 22 eves, whereas the venules 
leaked in only one, and in one eye there was no 
leakage (Table III). Leakage from the main veins 
was a regular finding but in half the cases the 
venous leakage was very mild, Macular transit time 
was normal in eight eves, delayed in 12 (in four 
It was 5 seconds or more), and could not be mea- 
sured in four (Table IV). 


FIG. 4 CRVO of moderate severity 3 months after 
initial symptoms. (a) Perifoveal arcade broken, multiple 
small areas of capillary closure associated with dilated 
capillaries (arrows). (b) Same angiogram as (a), late 
venous phase. Extensive fluorescein leakage from dilated 
capillaries, (c) Same as (b) but 1 year later. More 
leakage in inferior nasal half of macula. Big 
retinociliary by-pass channel on disc (arrow) 


THROMBOTIC GLAUCOMA 


At the initial presentation central and peripheral 
capillary non-perfusion was almost complete in 
seven (Fig. sa, 6) of the 13 eyes in this group, and 
capillary non-perfusion was less but still extensive 
in a further three. In one eye the retinal details 
could not be seen. By contrast, the remaining two 


eyes had good capillary perfusion at the time of 


the initial study (Table I) but extensive non- 
perfusion developed during the first three months. 
Most eyes showed increasing capillary and small 
vessel closure compared with the acute stage 
(Fig. 6a, b). As a result, at the three-month exami- 
nation there was extensive central and peripheral 
non-perfusion in 10 of the 13 eyes, considerable 
non-perfusion in one, and in two corneal oedema 
made further photography impossible. 

In one of the two eyes in which capillary perfusion 
was initially good the perifoveal capillary arcade 
was also intact in the first angiogram but there was 
capillary leakage. In one eye the perifoveal arcade 
was broken, and in two eves it could not be seen 
(Table ID. Eight of 13 eves had no or only a few 
macular capillaries remaining. Large vessels cros- 
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sing areas of capillary non-perfusion always leaked 
Huorescein (Fig. 55). 


OTHER COMPLICATIONS 


Proliferating retinopathy was present in seven eyes 
and preretinal fibrosis in three. The findings 1n 
these eves are discussed together because the 
subgroups are small and the fluorescein appearance 
similar. All except one eve, which developed pre- 
retinal fibrosis, had poor capillary perfusion (Tabl 
D;in seven of the 10 eves the central and peripheral 
capillary closure was extensive (Fig. za, b). Thi 
perifoveal capillary arcade was broken in two 
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FIG. 5 Severe CRVO 7 weeks after first symptoms. (a) Completi capillary and small vessel closure at posterior pole. 
(b) Same angiogram as (a), inferior temporal periphery. Almost complete capillary closure, but arterioles (arrore 1) 


and venules (arrow 2) perfused. All vessels leak fluorescein 





(6a) 


FIG. 6 





(6h) 


CRVO in acute stage. (a) Perifoveal arcade broken (arrow 1), only small areas of capillary closure temporal to 


fovea (arrow 2). (b) Same as (a) one month later. Almost complete capillary closure throughout retina 


in seven no or only a few macular capillaries were 
left, and in one eye the capillary details could not 
be assessed (Table II). All major blood vessels 
crossing non-perfused areas leaked fluorescein. 
Macular transit time was delayed in all cases and in 
half of them it was 5 seconds or more (Table IV). 
All these patients had a final visual acuity of less 
than 6 60, and in five cases fluorescein angiography 


became impossible because of dense vitreous 


haemorrhage. 


FINAL OUTCOME 

The relationship between the final outcome and 
the extent and location of the capillary closure in 
the whole series of 75 eves as it was seen at the 
three-month examination is shown in Fig. 8. 
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(7a) 


( 7h) 


FIG. 7 (a) Severe CRVO with extensive new vessels (arrow marks centre of disc) 3 months after init 
Complete capillary closure in retina. (b) Same angiogram as (a), superior temporal periphery. Almost 


closure, remaining vessels leak fluorescein 


It seems from these studies that out of 75 eves 
with CRVO just over one-third (28) had a visual 
acuity of 6/12 or better after one year. These 
patients all had good capillary perfusion and a 
near intact perifoveal capillary arcade in all but 
one patient. The macular transit time however was 
variable, as was the venous leakage. 

Just under one-third (23) of the eyes became 
blind. Thrombotic glaucoma was the commonest 
cause. Large areas of central and peripheral non- 
perfusion were the hallmark in these eves: in 
many no perifoveal capillaries were perfused. 
Leakage from veins also was more extensive and 
macular transit time often prolonged. 

In the remaining 24 patients macular oedema 
and leakage from perifoveal capillaries predomi- 
nated, as it did when they first presented. 


Discussion 


Previous studies of retinal branch vein occlusion 
have shown that the visual prognosis in eyes with 
an intact perifoveal capillary arcade is signifi- 
cantly better than in eves with a broken arcade 
(Clemett, Kohner, and Hamilton, 1973). The 
present study shows that this also applies in 
CRVO; full resolution was seen only in eves 
with an intact or nearly intact arcade. However, 
owing to permanently dilated and leaking capil- 
laries, persistent cystoid macular oedema occurred 
in some, despite an intact arcade. 

Fluorescein leakage from the retinal vessels 


indicates endothelial cell dama 


occlusion this 


pressure and to ischaemia of 


is due to incr« 


| 
It 


dist 


the mildest cases of CRVO onl, 


venules, the site of maximal increas« 


cular pressure, leak fluorescein and there 


minimal leakage from the main 


bend. Probably 


this leakage results 


Vers 


trom 


whe rt 


intraluminal pressure and not ischaemia 











int 


ri 


nmm" 


[.eakag 


ilar 


MT pet - 


Mmm 








from the retinal capillaries is an indicatior 
more extensive damage and a less tavourabl 
prognosis. Although a few eves with mai 
capillary leakage resolved, some maculopath 
manent macular oedema was the common out 
* a = a lone i min 
4-1 2 en? y 
" 24 =a Mode e cer 
> 1H — ana peripher 
U Ed 
— | Extensive. cen 
" 81 B ind peripher 
ue 
D 07 
B 44 
= 4| 
"JA 
i 
oh- H HAL = 
38 38 '£ eg 6C: E 
-5 55 4 29 + Sr 
5 co S gs FF g 
t t 2 Oo a d 
~ = Am I rm s e 
= à 
<. 
FIG, § Histogram showing relationship between final 


outcome and retinal capillary closure at 3-month 


examination 1n 7 


2 


eyes with CRVO 


418 British Journal of Ophthalmology 


The mechanism of capillary closure in RVO is 
not known. Experimental work (Hockley, Tripathi, 
Ashton, Kohner, Hamilton, Bird, and Rosen, in 
press) shows that soon after occlusion some of the 
vessels are narrowed (although not occluded) 
presumably by extracellular oedema, while others 
may be occluded as the result of stagnation throm- 
bosis. Retinal capillary closure is common in all 
vascular retinopathies such as diabetic retinopathy, 
sickle-cell retinopathy, and Eales’s syndrome. In 
all these conditions large areas of non-perfusion 
have been associated with new vessel formation 
at the disc and the retina. 

In diabetes and in CRVO neovascularization of 
the angle followed by thrombotic glaucoma is also 
common. This is never seen in diabetes unless 
there are large areas of peripheral non-perfusion. 
In preliminary studies of over 600 cases of diabetic 
retinopathy seen at the Hammersmith Hospital 
there were only four with rubeosis in the absence 
of neovascularization (Grindle, 1976). Thrombotic 
glaucoma developed during the first three to four 
months in CRVO and new vessels of the disc and 
retina were not a prominent feature in these cases, 
probably because they take many months to 
develop. This poor correlation between iris and 
retinal neovascularization in CRVO has already 
been noted by Smith (1955). The stimulus for new 
vessel formation, both in the retina and the iris, 
has been thought to come from the ischaemic retina 
(Wise, 1956; Ashton, 1961; Smith, 1961; Kohner, 
Shilling, and Hamilton, 1976). The findings in this 
study support this theory, because both thrombotic 
glaucoma and retinal and disc vessels developed 
only in those with large areas of both central and 
peripheral non-perfusion. Indeed, it was impossible 
to predict from fluorescein angiograms which of 
these complications was most likely. 

Hill (1968) reported a correlation between 
*mean retinal transit time' and venous dilatation in 
retinal vein occlusion. In this study macular transit 
time did not prove to be a valuable prognostic 
feature. While all patients with large non-perfused 
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areas (and a poor prognosis) had some—often 
pronounced—slowing of the transit time, seven 
eyes with slow perfusion showed complete and 
two partial resolution. Leakage from arteries and 
veins and venous dilatation were unimportant 
findings compared with the site and extent of the 
capillary non-perfusion and the state of the peri- 
foveal arcade. 

In some of our cases the initial clinical and 
fluorescein angiographic picture of mild venous 
occlusion changed during the first three months to 
extensive capillary closure with poor visual prog- 
nosis. This shows that a visual prognosis within 
one month of presentation may be given only to 
those patients who have large non-perfused areas 
and in whom, therefore, the prognosis is poor. At 
three months an accurate prognosis can be given 
to all patients from the fluorescein appearances. 


Summary 


To determine the prognostic value of fluorescein 
angiograms in central retinal occlusion 75 patients 
presenting within the first three months of their 
initial visual symptoms were studied prospectively. 
The prognosis was found to be best (complete or 
partial resolution) in eyes with good capillary 
perfusion, an intact perifoveal capillary arcade, and 
leakage only from terminal venules and veins. A 
broken perifoveal capillary arcade and much 
capillary leakage, even in the absence of obvious 
capillary closure, were precursors of permanent 
macular oedema. All eyes with extensive capillary 
closure developed severe complications such as 
thrombotic glaucoma and neovascularization (pre- 
retinal fibrosis), and all became blind. Macular 
transit time and leakage from arteries and veins 
were not used as prognostic features. 

Fluorescein angiography during the first month 
of the initial visual symptoms was of prognostic 
value only in those cases with poor prognosis. 
The three-month angiogram was an accurate 
indicator of the visual outcome in all cases. 
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Cilio-retinal infarction after retinal vein occlusion 


D. McLEOD am C. P. RING* 
From Moorfields Eye Hospital, London 


Cilio-retinal arterioles are branches of the posterior 
ciliary arteries which supply areas of inner retina 
contiguous with the optic disc in about 20 per cent 
of individuals (Hayreh, 1963a). The cilio-retinal 
territory is spared from ischaemic necrosis after 
occlusion of the central retinal artery, while 
infarction of retina supplied by  cilio-retinal 
arterioles may accompany ischaemic swelling of 
the disc when the posterior ciliary arteries are 
occluded in temporal arteritis (Hayreh, 1969). 
Only two cases of retinal infarction in the cilio- 
retinal distribution have so far been described in 


association with occlusion of the central retinal — 


vein (Oosterhuis, 1968; Hayreh, 1971), although 
such cases are not rare. The purpose of this paper 
is to present a series of ro further cases together 
with a case of cilio-retinal infarction associated 
with a hemisphere branch retinal vein occlusion. 
The interrelationships between retinal vein occlu- 
sion and impaired posterior ciliary perfusion are 
discussed in the light of our findings. 


*Supported by the Prevention of Blindness Research Fund 


Address for reprints: D. McLeod, FRCS, Moorfields Eye Hospital, 
City Road, London ECrV 2PD 


Patients and methods 


The 11 patients were drawn from the T — 
practice in Moorfields Eye Hospital (MEH), St 
Thomas’s Hospital (STH), the Edinburgh Royal 
Infirmary (ERI), and the National Hospital, Queen 
Square (NHQS) (Table). Six patients were observed 
personally by one or other of us, while in the remaining 
cases we referred to case records and photographs. 
Fluorescein angiography was performed by the routine 
technique of the department concerned, in which 
10 or 20 per cent fluorescein solution was injected into 
an antecubital vein. Photographs were generally taken 
at intervals of one second during the initial dye transit, 
using a Zeiss (Oberkochen) fundus camera. In all cases 
the initial photographic assessment was carried out 
within two weeks of the onset of symptoms and in seven 
cases within three days of visual loss. A medical exami- 
nation and systemic investigation were carried out in 
most patients but were not standardized. Similarly, 
visual fields were tested by a variety of routine clinical 
techniques, 


Results 


CENTRAL RETINAL VEIN OCCLUSION (Cases 1-10) 


The patients noticed sudden visual deterioration in 
one eye, and several complained specifically of a 








Table Particulars of 11 cases of cilio-retinal infarction 
Na. of 

Case Fig. e cilio-retinal 
no. no. Source (years) Sex arterioles 

I 1 STH 35 Male 3 

2 2 MEH 79 Female 1 

3 3. MEH 4r Female 2 

4. 4 MEH 69 Male r 

5 . STH 50 Male ' a 

6 T ERI 52 Female 4 

3 I MEH 75 Female a 

8 MEH 32 Male a 

9 MEH 69 Female 2 

10 NHQS 69 Female 

II 5 MEH 39 Female 2 


Visual acuity Blood 
———— — — Systemic pressure 
Eye  <Atonset At one year disease (mmHg) 
Left 6/60 6/4 — 120/90 
Right CF PL Cerebrovascular’ 190/100 
insufficiency 
Right 6/24 6/6 Migraine 140/80 
Left CF CF — 120/70 
Right 6/60 6/12 Angina pectoris 110/70 
Right 6/18 6/4. — 110/70 
Right 6/24 PL — 160/90 
Left 6/18 6/9 — 110/90 
Right CF CF Hypertension 170/100 
(on treatment) 
Right 6/60 6/18 Arteriosclerosis 130/80 
Left 6/18 6/12 — 150/90 





* Fig. 4 in McLeod (1975b); t Fig. x bare gas (19752); 1 Fig. 6 in McLeod (1976) 


CF counting fingers; PL — perception 
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( 1€) 


FIG, 1 


( 1d) 


Case 1. (a) Fundus photograph 10 days after visual loss : retinal infarction in cilio-retinal territories. 


(b) Fluorescein angiogram (same study as (a)) : early arterto-venous phase, larger cilio-retinal arteriole (arrow) has 
filled. (c) Fluorescein angiogram (same study as (a)): late phase, dyve leakage from disc and veins. (d) Fluorescein 


angiogram seven months later: early arterio-venous phase 


localized scotoma in the central field of vision. 
Pre-existing ocular lesions had been discovered in 
only one patient (case 2), who was known to have 
had bilateral preretinal macular fibrosis for six years. 


Anterior segment 


On presentation there was no significant abnor- 
mality in the anterior segment or ocular media of 
any patient; in particular, there were no inflam- 


delayed peripapillary choroidal filling 


matory signs in the aqueous or anterior vitreous. 
Apart from a single patient with mild. chronic 
glaucoma (case 9), the intraocular pressure was 
normal in each eye, though the pressure in the 
affected eve was generally 2-4 mmHe less than that 
in its fellow. 


Presenting fundus signs 


Funduscopy showed widespread retinal haemorr- 


hages (including blot haemorrhages anterior to the 


equator) together with distension and tortuosity of 


all tributaries of the central retinal vein (Fig. 1). 
Some patients showed occasional perivenous cotton- 
wool spots or retinal oedema, especially at the 
macula. 

In addition to signs of central vein occlusion, 
retinal pallor was seen contiguous with the optic 
disc, and parts of the periphery of these areas 
showed an intense whiteness. The clinical appear- 
ance Was that of ischaemic cloudy swelling of the 
inner retina. The infarcts comprised the territories 
of supply of cilio-retinal arterioles, and in the 
eight patients with multiple cilio-retinal vessels 
each cilio-retinal territory was infarcted. Haemorr- 
hages were present within the infarcts but were 
generally few in number, except in case 2 (Fig. 2). 

There was variable swelling of the optic nerve 
head on presentation (Figs 1, 3), and marked disc 
pallor was observed in case 7 and in the lower half 
of the disc in case 4 (Fig. 4). Papillary haemorrhages 
were conspicuous in some cases, but absent in others 
(Figs 1, 3). 


Fluorescein angiography 


‘The intraretinal circulation time (from dye appear- 
ance in the central artery to filling of the major 
veins at the optic disc) exceeded eight seconds in 
all cases. The central retinal capillary bed was 
engorged and fluorescein often leaked from venules 
or larger veins in the late phases (Figs 1, 2). 

Fluorescein perfusion through the cilio-retinal 
circulation was consistently impaired relative to 
central arterial perfusion, and the arrival of 
Huorescein in cilio-retinal arterioles was never 
observed to precede the arrival of dye in the 
central artery. The cilio-retinal vessels contained 
dye in the first available frame of the central 
arterial transit in seven cases, while cilio-retinal 
arteriolar filling was delayed in cases 6, 9, and 10. 
In four patients (cases 1, 5, 6, and 8) an intact, 
engorged cilio-retinal microcirculation was demon- 
strated with occasional knob-like capillary dilata- 
tions resembling microaneurysms. In the remaining 
six cases the advancement of dye along the cilio- 
retinal arterioles was very slow, and reversal of 
low (Fig. 3c) was seen in cases 2, 3, 7, and 9. 
The lack of capillary pattern and dye leakage 
clearly distinguished the cilio-retinal territory 
from the central retinal supply (Fig. 2) and venules 
crossing the infarct filled with dye from the adjacent 
circulation. Retrograde entry of dye into the cilio- 
retinal capillary bed was sometimes seen in these 
cases (Fig. 3c). 

Angiographic assessment of the posterior ciliary 
circulation to the optic disc was often difficult 
because of haemorrhage, but delaved filling of the 
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FIG. 2 Case 2. (a) Fundus photograph three davs 
after visual loss : haemorrhagic cilto-retinal infarct., 


(b) Fluorescein angiogram : late phase, dve leakag 


from venules in central arterial territory 


disc microcirculation was sometimes demonstrable 
(Fig. 3). There was variable late leakage of dyi 
from the optic disc (Figs 1, 3) 


Visual function 


The presenting visual acuities in the affected eves 
are shown in the Table. Although cloudy retinal 
swelling involved the papillo-macular bundle in all 
cases, central fixation was preserved except in cast 
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FIG. 3 Case 3. (a) Fundus photograph one day after visual loss : mild ischaemic disc swelling, cilio-retinal infarcts and 
venous distension. (b) Fluorescein angiogram : retinal arterial phase, truncated dye front in cilio-retinal arterioles. 
(c) Fluorescein angiogram ; early arterto-venous phase, reversal of flow in cilio-retinal arterioles, optic disc not filled. 


(d) Fluorescein angiogram ; late phase, minimal disc-leakag: 


in which a large cilio-retinal arteriole supplied 
most of the posterior retina (Fig. 2). 

Visual field examination revealed absolute scoto- 
mata which extended from the blind spot and 
corresponded with the distribution of retinal 
infarction. ‘The scotoma split fixation in cases 
1, 3, 4, 5, and 7 because the cilio-retinal supply 
contributed to the perifoveal capillary arcade. In 
addition to these absolute defects, field loss in the 
remaining visual field reflected retinal oedema and 


haemorrhage or optic nerve head ischaemia. An 
extensive upper field defect in case 4, for example, 
resulted from infarction of the lower half of the 
optic disc. 


General medical examination 


Systemic disorders found in the patients and 
possibly significant in the aetiology of their ocular 
vascular occlusions are shown in the Table. There 
was no evidence of temporal arteritis in any patient. 





(44) 


FIG. 4 Case 4. (a) Fundus photograph three days 

after visual loss : accumulations of axoplasmic debris in 
retina (two cotton-wool spots) and inferonasally on disc. 
(b) Fundus photograph five months later : optic atrophy 
except superonasally, (c) Fluorescein angiogram (same 
study as (b)) : retinal arterial phase, delayed filling of disi 
vessels, pertpapillary choroid, and cilio-retinal arteriole 


Course 


Rubeotic glaucoma developed within three months 
of presentation in two patients (cases 2 and 7). In 
the remaining eight cases venous distension 


subsided within a few weeks, with absorption of 


retinal haemorrhages and oedema. Visible retino- 
ciliary venous bypass channels developed in five 
patients (cases 1, 3, 5, 6, and 10) and six patients 
showed some improvement in central vision (Fable). 
The optic disc swelling subsided and localized 
sectors of pallor of the disc reflected ascending 
optic atrophy secondary to cilio-retinal infarction; 
atrophy and cupping of the lower half of the disc 
was seen in case 4 (Fig. 4). 

Although no unequivocal angiographic evidence 
of impaired choroidal perfusion had been found on 
presentation, retinal haemorrhages and oedema 
made the initial assessment difficult and delayed 
peripapillary choroidal filling was demonstrated in 
cases I, 4, 5, and 6 on follow-up (Figs 1, 4). 


HEMISPHERE BRANCH RETINAL VEIN OCCLUSION 
(Case 11) 


A 39-year-old woman noticed sudden blurring of 


vision in her left eye the day before presentation. 
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Funduscopy showed distension and tortuosity of 
the veins draining the superior retinal hemisphere 
The upper rim of the optic disc was swollen and 
cloudy retinal swelling was seen in the superior 
macular area. The retinal infarct consisted of that 
part of the cilio-retinal circulation which drained 
into the obstructed vein (Fig 5) Fluorescein 
angiography revealed extremely slow perfusion ot 
a dilated capillary bed within the ischaemic area 
However, the cilio-retinal territories drained by thi 
inferotemporal branch vein filled satisfactorily wit! 
dye and showed no cloudy swelling or related held 
defect. 
Signs of venous obstruction subsided withu 
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few weeks without treatment and left no sequelae 
apart from a permanent scotoma below fixation, 
localized retinal atrophy, and slight sectoral disc 
pallor. 


Discussion 

CLINICAL PICTURE 

The patients in this series presented a varied 
clinical picture typical of acute retinal vein occlu- 
sion. Several cases conformed to the description 
of venous obstruction in youth and middle age 
designated ‘retinal vasculitis’ by Lyle and Wybar 
(1961), 'papillophlebiti by Lonn and Hoyt 
(1966), and ‘optic dise vasculitis’ by Hayreh (1972). 





(sh) 


FIG. 5 Case 11. Fluorescein angiograms one day after 
visual loss. (a) Preretinal artertal phase, masking of 
choroidal fluorescence by retinal oedema, lower branch 
of upper cilio-retinal arteriole has filled. (b) Retinal 
arterial phase in drainage area of superior hemisphere 
vein, retinal venous phase in drainage area of infertoi 
hemisphere vein. (c) Late phase, dilated capillaries in 
ischaemic area, slight disc leakage. 


These patients illustrated the characteristic toler- 
ance of a young microcirculation to raised intra- 
luminal pressure and showed a tendency for spon- 
taneous recovery without treatment, which has 
been attributed to the facility for developing 
retino-ciliarv bypass channels (Hart, Sanders, and 
Miller, 1971). However, rubeotic glaucoma, a 
frequent complication of central vein occlusion, 
developed in two elderly patients in the series, 
Retinal pallor, corresponding absolute visual 
held defects, and grossly retarded perfusion by 
Huorescein provided unequivocal clinical proof of 
ischaemic cloudy swelling in the cilio-retinal 
territories. This was also suggested by the signs of 
accumulated axoplasmic debris at the periphery of 
the infarcts (McLeod, 1975a) and the subsequent 
localized inner retinal atrophy with loss of super- 
ficial reflexes from nerve-fibre bundles. However, 
the ischaemic retina in these cases differed in 
certain respects from infarcts due to ‘pure’ arteriolar 
occlusion. Haemorrhages, for example, were present 
within the cilio-retinal territories and were extensive 
in a patient who had pre-existing disease of the 
macular capillary bed (case 2, Fig. 2). In addition 
the cilio-retinal circulation was demonstrably en- 


gorged in some cases and capillary dilatations 
resembling microaneurysms were also seen. 

In no case of central vein occlusion have we 
observed retinal infarction localized to the territory 
of a branch of the central retinal artery, so this 
complication appears to be a development peculiar 
to the cilio-retinal circulation. This must reflect 
the independent origin of cilio-retinal arterioles 
from the posterior ciliary vessels. However, rela- 
tively few patients with cilio-retinal arterioles who 
suffer a central vein obstruction develop retinal 
infarction in the cilio-retinal territories (McLeod, 
1975b). The two groups of patients (that is, those 
with and those without cilio-retinal infarction) 
cannot be distinguished either by the severity of 
venous obstruction or by the size of their cilio- 
retinal vessels. 


CIRCULATORY PHYSIOLOGY 


The intraluminal pressure in the major ocular 
veins (Pv) normally approximates to the intraocular 
pressure (Pio), probably owing to changes in cross- 
sectional diameter of these vessels as they leave the 
globe—-a vascular waterfall (Permutt and Riley, 
1963). The perfusion pressure (PP) driving blood 
through the capillary circulations of the retina, 
choroid, and optic nerve head is therefore defined 
as the mean arterial blood pressure (Pa) minus 
the intraocular pressure (Pio)—that is, PP = Pa~Pio. 
A reduction in blood flow thus follows obstruc- 
tion of the central retinal or posterior ciliary 
arteries, though the effects on perfusion may be 
counteracted by autoregulatory changes in the 
calibre of precapillary resistance vessels which 
tend to maintain blood flow despite changes in 
perfusion pressure (Alm and Bill, 1972). Ischaemic 
changes occur in the inner retina, outer retina, or 
optic nerve head when, despite autoregulatory 
vasodilatation and collateral flow, capillary perfu- 
sion 1s insufficient to meet the individual metabolic 
requirements of the various ocular tissues. 
Obstruction of the vortex or retinal veins also 
causes a reduction in blood flow (PP = P,-P.), 
while the increase in transmural pressure across 
small vessels is an important determinant of transu- 
dation and haemorrhage formation. Passive dilata- 
tion of capillaries and venules may reduce their 
flow-resistance after venous obstruction (Phillips, 
Brind, and Levy, 1955; Folkow, 1962), but the 
autoregulatory responses of precapillary arterioles 
after retinal vein occlusion have not been estab- 
lished. Increased transmural pressure gradients 
might be expected to result in arteriolar constriction 
due to a local myogenic reflex (Bayliss, 1902); 
alternatively, vasodilatation might be expected in 
response to retinal hypoxia and accumulation of 
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metabolites after. severe venous occlusione- meta- 
bolic autoregulation’. 

The increase in intraluminal pressure in the 
major retinal veins after central vein occlusion 
depends upon the change in venous outflow 
resistance and also upon the arterial blood pressure 
(since this determines the maximum venous 
pressure attainable). Total obstruction to retinal 
venous outflow has been achieved experimentally 
by neoprene latex occlusion of the central vein and 
potential retino-ciliary bypass channels (Fujino, 
Curtin, and Norton, 1969). The central venous 
pressure presumably approached the systolic arterial 
pressure in these animals and a haemorrhagic 
retinal infarct resulted. Central vein obstructions 
are seldom associated clinically with a complete 
failure of retinal perfusion. Hart and others 
(1971) have suggested that the central venous 
pressure approaches the diastolic arterial pressure, 
but Duke-Elder and Gloster (1968) emphasized 
that ophthalmodynamometry is unsuitable for 
assessing either arterial or venous pressures within 
the eye. 


PATHOGENESIS OF CILIO-RETUSAL. ENFARCTION 


Symptoms and signs of venous obstruction and 
retinal ischaemia were recent in all our cases, 
suggesting that these events occurred simul- 
taneously and probably interdependently. Further- 
more, in case rr retinal infarction. developed only 
in that part of the cilio-retinal territory which was 
drained by the obstructed branch vein, indicating 
that retinal ischaemia was precipitated by venous 
occlusion. 

We have assumed that the metabohe require- 
ments of the inner retina were the same in the 
central retinal and cilio-retinal territories and that 
identical blood flowed through similar capillary 
beds. Furthermore, impaired cilio-retinal perfusion 
was considered the cause and not the result of 
retinal infarction. Given that the central retinal 
and cilio-retinal supplies both drain into the central 
retinal vein, the localized severe reduction in cilio- 
retinal perfusion must reflect either an increased 
resistance to blood flow along the cilio-retinal 
arterioles (compared with the central retinal 
arterioles) or a relatively low driving pressure in 
the posterior ciliary supply. 


(a) Increased resistance to flow 


Precapillary arterioles in the central retinal and 
cilo-retinal circulations may differ in their 
autoregulatory responses to venous occlusion. 
However, it is unlikely that retinal infarction 
resulted from a localized. failure of metabolic 
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autoregulation in the cilio-retinal circulation, and 
an exaggerated reflex constriction of cilio-retinal 
arterioles (Bayliss effect) is not in keeping with 
known autoregulatory responses in branches of the 
posterior ciliary vessels (Alm and Bill, 1972). 

Alternatively, the selective severe impairment of 
cilio-retinal perfusion in these cases might reflect a 
relatively high ‘vasomotor tone’ in the posterior 
ciliary and cilio-retinal arteries, as postulated by 
Blumenthal, Best, Galin, and Gitter (1971). 
However, any conclusions drawn from ophthal- 
modynamoangiographic studies are open to question 
(Archer, Ernest, and Krill, 1972). 


(b) Reduction in input arterial pressure 


A lower driving pressure in the posterior ciliary 
arteries relative to that in the central artery could 
result in a localized failure of cilio-retinal perfusion 
after central vein occlusion. The cilio-retinal 
arterial pressure might approximate to a raised 
venous pressure sustained by the input pressure 
in the larger central arterial supply; the arterio- 
venous perfusion pressure gradient in the cilio- 
retinal circulation would thus be effectively elimi- 
nated. 

Unfortunately, there is no satisfactory clinical 
method of quantifying or comparing input arterial 
pressures in the various ocular circulations (Duke- 
Elder and Gloster, 1968) and therefore no good 
evidence of whether the pressure in the posterior 
ciliary supply differs appreciably from that in the 
central retinal artery in normal individuals. The 
failure of cilio-retinal perfusion in our cases might 
reflect some anatomical variation—for example, an 
unusually distal origin of the ciliary supply from 
the ophthalmic artery, or an exceptionally long 
extraocular course or peculiar pattern of branching 
of the posterior ciliary vessels. 

Alternatively, this clinical picture may result 
from central vein occlusion in patients who have a 
pre-existing asymptomatic obstruction to flow in 
the posterior ciliary circulation which is insufficient 
in itself to produce ischaemic changes in the outer 
retina, optic nerve head, or cilio-retinal territory. 
Such a partial arterial obstruction might reflect the 
presence of generalized vascular disease in patients 
who develop retinal vein occlusions. Simultaneous 
infarction of all cilio-retinal territories in patients 
with multiple cilio-retinal arterioles indicates that 
any localized obstruction to flow must have been 
situated proximal to the emergence of these 
vessels from the optic disc, and the peripapillary 
choroidal filling defects could be interpreted as 
indicating an associated reduction in choroidal 
blood flow. However, although the central retinal 
vein is the major efferent channel from the optic 
disc (Hayreh, 1963b; Anderson, 1970), symptoms of 


ischaemic disc-swelling were lacking in several of 
our cases, presumably owing to the utilization of `’ 
alternative drainage pathways from the disc into 
choroidal or pial veins; dilatation of these channels 
is part of the process of retino-ciliary collateral 
formation (Hayreh, 1969). In this way isolated 
infarction of the cilio-retinal territories reflected 
the fact that the cilio-retinal circulation is the only 
part of the posterior ciliary supply that depends 
entirely on the central vein for drainage. 


Conclusions 


Central vein occlusion in patients with partial 
obstruction of their posterior ciliary arteries may 
be the explanation for at least some of our cases, 
though the relative contribution of reduced ciliary 
arterial pressure and raised venous pressure to 
cilio-retinal ischaemia probably varied from patient 
to patient. In some cases a critical reduction in 
cilio-retinal perfusion resulted from a degree of 
central vein obstruction that caused few exudative 
or haemorrhagic sequelae in the central retinal 
territory. Indeed, some patients might not have 
presented had they not possessed a cilio-retinal 
arterial supply, since central vein occlusion often 
produces minimal symptoms in the absence of 
macular oedema (Hart and others, 1971). 

Although experimental central vein occlusion is 
known to cause severe retinal ischaemia (Fujino 
and others, 1969) the relationship between retinal 
infarction and venous occlusion is less clearly 
defined clinically. These cases show that under 
certain conditions venous occlusion may result 
in acute retinal infarction in the absence of signifi- 
cant haemorrhage or extracellular oedema. 

This series may represent a spectrum of ocular 
vascular lesions intermediate between acute central 
retinal vein occlusion and acute ischaemic optic 
neuropathy (which is commonly associated with 
peripapillary haemorrhages and venous dilatation). 


Summary 


Retinal ischaemia in the territory supplied by 
cilio-retinal arterioles is described in 10 patients 
with signs of central retinal vein occlusion and in 
another patient with a hemisphere branch vein 
occlusion. The venous occlusion was transitory in 
nine of the 11 cases, but two elderly patients 
developed rubeotic glaucoma. 


We thank Mr A. C. Bird, Mr R. K. Blach, Dr J. F. 
Cullen, Mr L. G. Fison, Dr Eva Kohner, and Mr M. D. 
Sanders for allowing us to report details of their cases. 
We are indebted to Mr K. Sehmi and Mr G. Goaai, of 
the Retinal Diagnostic Unit, Moorfields Eye Hospital, 
for the illustrations, and to Miss L. Martin and Miss 
I. F. Miller for secretarial assistance. 
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Central retinal artery occlusion (reversible) in 


sickle trait with glaucoma 


RONALD L. RADIUS ann DANIEL FINKELSTEIN 
From the Wilmer Ophthalmological Institute, The Johns Hopkins University 


and Hospital, Baltimore, Maryland, USA 


Retinal vascular occlusions of several types occur 
in the.various sickle haemoglobin disorders (SS, 
SA, SC, S-Thal) (Edington and Sarkies, 1952; 
Henry and Chapman, 1954; Goldberg, 19714; 
Kennedy and Cope, 1958; Isbey, Clifford, and 
Tanaka, 1958; Lieb, Geeraets, and Guerry, 
1959). Occlusions are primarily of small vessels 
in the peripheral retina preceding the development 
of neovascularization (Welch and Goldberg, 1966; 
Goldberg, 1971a, b). Occlusions of small vessels 
in the macula have also been reported in SS and 
SC haemoglobinopathy (Knapp, 1972; Acacio 
and Goldberg, 1973; Ryan, 1974). They are 
probably due to intravascular emboli of sickled 
red blood cells (Welch and Goldberg, 1966; 
Goldberg, 19718, b). Factors known to enhance 
sickling of red cells thereby influencing the 
risk of vascular thrombosis include hypoxia, 
dehydration, lowered pH, and hyperviscosity 
(Sherman, 1940; Griggs and Harris, 1956; Perillie 
and Epstein, 1962; Charache and Conley, 1964). 
Not surprisingly, therefore, under certain condi- 
tions occlusion of large vessels such as the central 
retinal artery occur (Kabakow, Van Wiemokly, and 
Lyons, 1955; Conrad and Penner, 1967; Stein 
and Gay, 1970; Michelson and Pfaffenbach, 
1972). We report a case of central retinal artery 
occlusion in SA disease immediately after diuretic 
and hyperosmotic therapy for acute traumatic 
glaucoma. We believe that this treatment must be 
used cautiously in the sickle patient whose ocular 
circulation is already compromised by acute 
glaucoma. 


Case report 


An 18-year-old black woman presented to the Wilmer 
emergency room with a traumatic hyphaema 24 hours 
after a blunt ocular injury. Her medical and family 
history were unremarkable. Uncorrected visual acuity 
was light perception right eye, 20/20 left eye, The 
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anterior chamber contained diffuse haemorrhage with 
a layered hyphaema of about ro per cent. Ocular 
motility was normal. Intraocular pressure by applanation 
was 55 mmHg. The fundus could not be visualized 
through the anterior chamber blood. Examination of 
the left eye was normal in all respects. 

Treatment consisted of atropine cycloplegia, topical 
dexamethasone, and 120 mi glycerol 75 per cent. 
Emesis followed shortly after osmotic therapy. Intra- 
ocular pressure remained raised at 55 mmHg. Subse- 
quent treatment consisted of intravenous acetazolamide 
500 mg and mannitol 100 g (1:5 g/kg) at an infusion 
rate of 5 g/minute. One hour later ocular tension was 
55 mmHg. Vision in the right eye was no light percep- 
tion when tested witb the American optical indirect 
ophthalmoscope at maximum voltage. 

The clinical impression was that the patient had 
suffered a central retinal artery occlusion. An anterior 
chamber paracentesis of 0-08 ml was performed. After 
this vision returned to brisk light perception. Intra- 
ocular pressure was subsequently controlled with oral 
acetazolamide. With clearing of the ocular haemorrhage 
fundus examination showed disc hyperaemia. Fluores- 
cein angiography was essentially unremarkable. Elec- 
troretinography could not be performed. Subsequent 
serum electrophoresis showed sickle-cell trait (SA) 
haemoglobinopathy with 42 per cent sickle-cell haemo- 
globin. Visual acuity returned to the 20/30 level. 


Discussion 


Our patient presented with an intraocular pressure 
of 55 mmHg and brisk light perception vision. 
One hour after diuretic and osmotic therapy the 
pressure remained at 55 mmHg with no light 
perception. This time sequence suggests that 
increased intravascular tonicity and altered haemo- 
dynamics after these medications may have pre- 
cipitated an occlusion in an already compromised 
vascular system. Intravenous infusion of mannitol 
is known to increase serum osmolarity from 
10-40 mosm/l depending on rate of infusion and 
dosage (Galin, Davidson, and Pasmanik, 1963; 
Weiss and Wise, 1962; Kolker and Hetherington, 
1970). Increased serum tonicity occurs rapidly 
throughout the infusion and returns to equilibrium 


over a period of from one to two hours (Galin and 
others, 1963; Weiss and Wise, 1962). The effect of 
intravenous acetazolamide is difficult to quantify. 

The susceptibility of patients with sickle-trait 
haemoglobinopathy to central retinal artery occlu- 
sion at moderately raised or even normal ocular 
pressures has been well documented. Five cases of 
central retinal artery occlusion have been reported 
(Kabakow and others, 1955; Conrad and Penner, 
1967; Stein and Gay, 1970; Michelson and Pfaffen- 
bach, 1972). Bilateral vascular occlusions were 
described in a 36-year-old patient with active 
pulmonary tuberculosis, systemic lupus erythe- 
matosus, and sickle-cell trait (Kabakow and 
others, 1955). Conrad and Penner described central 
retinal artery occlusion in a 32-year-old pilot with 
sickle-trait haemoglobinopathy (unassociated with 
active flying duties) (Conrad and Penner, 1967). 
No other precipitating ocular or systemic conditions 
were found; the proportion of sickle haemoglobin 
was 42 per cent. Vision remained at no light per- 
ception in the affected eye. Stein and Gay reported 
bilateral arterial occlusions in a = six-month-old 
infant suffering from high fever and marked 
dehydration (Stein and Gay, 1970). They suggest 
that metabolic abnormalities induced by pneumonia 
and renal failure in this SA infant might well have 
produced intravascular sickling leading to bilateral 
central artery occlusion. Finally, Michelson and 
Pfaffenbach described two sickle-trait youths with 
arterial occlusions after blunt trauma and ocular 
haemorrhage (Michelson and Pfaffenbach, 1972). 
Both these patients were treated with diuretic and 
osmotic agents to control raised intraocular pres- 
sures ranging from 20 to 50 mmHg. 

Various factors affect the severity of the symp- 
toms in patients with sickle-cell disease. Percentage 
of abnormal haemoglobin as well as oxygen tension, 
lowered pH, fever, vascular stasis, hyperkalaemia, 
raised carbon dioxide level, and serum hyper- 
tonicity increase the amount of erythrocyte sickling 
and subsequent clinical symptoms (Sherman, 
1940; Griggs and Harris, 1956; Perilie and 
Epstein, 1962; Charache and Conley, 1964). 
Increased serum tonicity after diuretic and osmotic 
medications in combination with vascular stasis, 
presumably coincident with raised intraocular 
pressures, may have precipitated vascular occlusion 
in this patient with sickle-cell trait. 

The possibility that ocular hypotensive medica- 
tions may have aggravated the situation calls for 
re-evaluation of the management of raised ocular 
tension in black patients. We recommend an 
emergency sickle cell preparation as part of the 
initial examination of every black patient with 
hyphaema. In those with sickle-cell haemoglobin 
an intraocular pressure over 40 mmHg requires 
careful monitoring of vision for the earliest sign 
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of vascular occlusion. Osmotic agents should be 
given with caution and vision must be checked 
frequently thereafter. Only experience with similar 
cases will show whether such medications must 
always be avoided. 

In our case good visual function returned after 
retinal blood flow had apparently ceased. Recent 
reports emphasize that retinal function may return 
even when vascular occlusion lasts up to one hour 
or more. Neuronal function may be much more 
resistant to absolute ischaemia than previously 
recognized. After reversible ligation of the central 
retinal artery in Squirrel monkeys Kroll (1968) 
showed that a period of retinal ischaernia limited to 
15 minutes produced no significant gross or histo- 
logical damage. Onlv after one hour of obstruction 
was the earliest neuronal damage seen. Reinecke, 
Kuwabara, Cogan, and Weis (1962) produced 
retinal ischaemia in cats by increasing intraocular 
pressure above svstolic arterial pressure by external 
massage. In cases in which ischaemia was limited 
to less than 14 hours only minimal histopathological 
changes were noted. Lessell and Miller (1975) pro- 
duced total cerebral as well as retinal ischaemia by 
cross-clamping the ascending aorta in adult Rhesus 
monkevs. When the arterial obstruction was released 
after periods of 14 to 24 minutes 14 of the 22 
monkeys had survived this vascular insult, and when 
periods of post-arrest hypotension were avoided, 
histopathological retinal abnormalities were not seen, 

These histopathological studies have been corro- 
borated by a number of experiments to assess the 
functional resistance of retinal tissue to ischaemia. 
After reversible occlusion of the retinal vascular 
supply in rabbits electroretinograms have returned 
to pre-insult levels when anoxia was limited to 
ro minutes (Arden and Greaves, 1956). Popp 
(1955) found that even after 60 to 90 minutes of 
ischaemia partial recovery was seen in the rabbit 
ERG. Working with Squirrel monkeys, Hamasaki 
and Kroll (1968) produced reversible retinal 
artery occlusion by placing a ligature round the 
surgically exposed vessel. Remarkably, they showed 
that more than two hours of occlusion were re- 
quired to produce irreversible changes in electrical 
activity of the retina and optic nerve. Gouras 
and Hoff (1970) made similar observations using 
an isolated, perfused mammalian eve system. 
produced retinal ischaemia in pre-enucleation 
specimens by raising ocular tension well above 
systolic pressures. When the period of retinal 
ischaemia was limited to 15 minutes visual recovery 
was full: even after 45 minutes of ischaemia some 
function returned. Under similar experimental 
conditions Bick, Bornschein, and Hommer (1963, 
1964) showed that complete recovery of both 
electrical and physiological retinal activity can be 
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obtained even after so long as one hour of absolute 
retinal ischaemia. Such investigations suggest 
that moderate periods of ischaemia may be expected 
to show significant functional recovery if adequate 
blood supply is restored and maintained. 

We emphasize that the sickle-cell patient with an 
intraocular pressure over 40 mmHg is approaching 
a precarious situation which may be exacerbated 
by osmotic therapy. In our case function returned 
from no light perception to 20/30 vision. À review 
of the literature on experimental occlusion sug- 
gests that efforts to restore vision even after one to 
two hours of known occlusion should not be 
considered only heroic. 
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Macular and perimacular vascular remodelling 


in sickling haemoglobinopathies 


G . K. ASDOURIAN, K. C. NAGPAL, B. BUSSE, M. GOLDBAUM, 





D. PATRIA? 


Eve and Ear Infirmary, Chicago, Illinois 


Peripheral retinal vascular changes in patients 
with sickling haemoglobinopathies (Welch and 
Goldberg, 1966; Goldberg, 1971a, b; Condon and 
Serjeant, 1972a, b, c) include both non-poli- 
ferative and proliferative lesions. Dynamic vascular 
remodelling of the peripheral vasculature of the 
retina has also been documented (Galinos, As- 
dourian, Woolf, Stevens, Lee, Goldberg, Chow, and 
Busse, 1975). Reports of posterior pole changes in 
patients with sickling haemoglobinopathies have 
described these changes as either acute, such as 
central retinal artery occlusion and = macular 
arteriolar occlusions (Knapp, 1972; Acacio and 
Goldberg, 1973; Ryan, 1974), or as chronic mani- 
festations of vascular occlusions, including micro- 
aneurysm-like dots, dark and enlarged segments 
of terminal arterioles, hairpin-shaped venular loops, 
and pathological avascular zones (Stevens, Busse, 
Lee, Woolf, Galinos, and Goldberg, 1974). Visual 
function may or may not be affected as a result of 
these vascular changes (Goldberg, 1973; Stevens 
and others, 1974). 

This paper further documents these posterior 
pole changes and characterizes their evolution as 
determined prospectively over a long follow-up 
period. 


Patients and methods 


During the last three vears the Sickle Cell Eve Clinic 
screened over 400 patients with sickling haemoglo- 
binopathies. The purpose was to identify patients with 
early stages of proliferative retinopathy. Fluorescein 
angiography was performed whenever there was the 
least suspicion of retinopathy. 

Since macular changes were found in some 20 per 
cent of the climes population (Stevens and others, 
1974) more attention and careful evaluation have been 
given to the study of the posterior pole, Kodachrome 
photographs and fluorescein angiograms of the posterior 
pole were taken in all patients at four-month intervals. 
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Fluorescein angiography was performed in the manner 
of Novotny and Alvis (1961) using à Zeiss Fundus- 
Flash III camera. Kodachrome H film was used for 
colour photography; angiograms were taken with 
Kodak Tri-X film processed. in kodak. Deri (ru 
dilution) for nine minutes at 70 F. Spectrotech exciter 
and barrier filters were used. 

After the injection of fluorescein (10 per cent fluores- 
cein sodium solution), through an indwelling paediatric 
scalp vein needle inserted near the patient's antecubital 
fossa, phase angiograms of the macular area were taken 
at the rate of one frame per second. The fine capillary 
network of the posterior pole was selectively. focused. 
Repeat injections of small increments of 1 to pa mi 
were piven as needed to maintain a high degree of 
fluorescent contrast within the macular capillary net- 
work. Careful attention was also given to the region of 
the horizontal vascular ‘raphe’, which is similar in 
location to the horizontal nerve fibre raphe (Vrabec, 
1966). Many vertically orientated arterioles appear to 
terminate along this vascular raphe. 

Patients with posterior pole abnormalities were 
investigated for colour vision abnormalities and visual 
field changes. Pseudoisochromatic charts, the Farns- 
worth D-15 panel, Farnsworth-Munsell roo-hue test, 
and the Nagel anomaloscope were used in assessing 
colour vision. The tangent screen, Goldmann perimeter, 
and Amsler grid were used to detect visual field changes. 
More recently we used static perimetry to assess 
minute visual field abnormalities. 


Results 


One hundred consecutive patients with various 
haemoglobinopathies underwent selective fluores- 
cein angiography of the macular area and the area 
of the temporal raphe. Altogether 41 of the patients 
had homozygous sickle-cell disease (Mb595), 36 
had sickle cell-haemoglobin C disease (HbSC), 15 
had sickle cell-thalassaemia disease (HbS-thal), 
seven had sickle cell trait (HbAS), and one had 
homozygous haemoglobin C disease (HbCC). A 
total of 29 patients had abnormalities of the 
macular area, the temporal raphe area, or both. Of 
the patients with abnormal maculae 13 (44:8 per 
cent) had HbSS, 13 (44:8 per cent) had HbSC, 
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and three (10:4 per cent) had HbS-thal. Of the 
patients with different haemoglobinopathies 3177 
per cent of HbSS, 36:1 per cent of HbSC, and 
20 per cent of HbS-thal patients had abnormal 
maculae. All HbAS patients and the single HbCC 
patient had normal macular angiograms. 


CASE REPORTS 

Case 1 

A 26-year-old Black woman with sickle cell-haemo- 
globin € disease (haemoglobin S 52 per cent; haemo- 
globin € 48 per cent) was admitted to the Eye and 


Ear Infirmary in February 1974 because of vitreous 
haemorrhage in the left eye. Eight months previously 





FIG. 1 Case 1. Fluorescein 
angiogram of right eve before acute 
obstructive episode of normal 
macular vasculature 


she had been found to have stage I retinopathy (peripheral 
arteriolar occlusions) (Goldberg, 1971b) in the left 
eve, On admission her general physical examination was 
normal. Blood pressure was 105 So mmHg. Her fasting 
serum glucose level, oral glucose tolerance test, and 
serological tests for syphilis were normal. 

Her visual acuity was 20 2c in the right eye and 20 70 
in the left. Slit-Iamp examination of the anterior seg- 
ment revealed minimal conjunctival sickling sign (Paton, 
1962) and stromal atrophy of both irides (Galinos, Rabb, 
Goldberg, and Frenkel, 1973). Ophthalmoscopy of the 
right eve showed extensive areas of stage I and II 
retinopathy. The macular area looked normal. Ophthal- 
moscopy of the left eve showed a recent vitreous hae- 
morrhage oceupying the lower temporal quadrant 
with extensive sea fan neovascularization extending from 
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FIG, 2 Case 1. Right fundus on day cotton-wool patches developed (four days after Fig. 1). Salmon-patch 
haemorrhage evident at ġ o'clock meridian. Multiple occluded silver-wire vessels present at superotemporal quadrant 


12 to 3 o'clock with evidence of recent haemorrhage. 
After 24 hours of complete bed rest fluorescein angio- 
graphy confirmed the presence of stage I and II retino- 
pathy in the right eye with normal macular vasculature 
(Fig. 1). The left eve showed perfusion and leakage of 
dye from the previously photocoagulated sea fans. 

On the fifth hospital day ophthalmoscopy of the 
right eve showed cotton-wool patches of the posterior 
pole (Fig. 2) with one of the patches extending to the 
superior border of the fovea. The patient had no visual 
symptoms. Vision was still 20/20. Visual field testing on 
the tangent screen and with the Goldmann perimeter 
was normal, Amsler grid testing indicated no scotomas. 
Colour vision testing was normal with the Ishihara 
plates and the D-15 panel test. By fluorescein angio- 
graphy multiple arteriolar occlusions corresponded to 
the areas of the cotton-wool patches (Figs 3 and 4). 


At the macular area a single capillary bridged the 
superior aspect of the foveal avascular zone (FAZ). 
Forty-eight hours after. this acute episode ophthal- 
moscopy showed no remarkable change. Fluorescein 
angiography showed persistent closure of all the pre- 
viously closed arterioles (Fig. sa). The single capillary 
at the superior border of FAZ was not perfusing at this 
time (Fig. 5b). Retrograde filling of one of the occluded 
vessels was evident. There was no change in the visual 
ucuity, visual fields, and colour discrimination. 

Two months later the patient complained of blurred 
vision in the right eve, which now had visual acuity of 
20/50. There was evidence of a recent vitreous haemorr- 
hage from a newly developed equatorial neovasculariza- 
tion at the 11 o'clock meridian. Fluorescein angiography, 
which the vitreous haemorrhage obscured somewhat, 
showed reperfusion of all the previously occluded arteri- 
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Case 1. Fluorescein angiogram of right fundus 48 hours after cotton-wool patches developed. An arteriolar 


FIG. 3 


ce luston core sponds fi eu li colton-u aol pale Ji 


Oles in the macular region except one (Pig. 6). The 
capillary at the superior border of the FAZ was reper- 
fusing, and three newly developed venular loops were 
directed into areas of non-perfused retina (Fig. 6). Five 
months after the initial acute episode and three months 
after her last visit visual acuity in the right eve was 
20.20. Ophthalmoscopy showed the vitreous haemorr- 
hage to have resorbed completely. The cotton-wool 


patches had also resorbed (Fig. 7). Their locations 


j 
could be identified as dimpled facets, probably repre- 
senting localized areas of retinal atri phy. On Huorescein 
angiography all except one of the previously occluded 
arterioles perfused. The capillary beds surrounding the 
areas of venular loops were more prominent and were 
directed into areas of capillary bed drop-out (Fig. X). 


One capillary clearly separated the FAZ from the 


adjacent avascular area. One week later, tuorescein 
angiography showed further changes in the character ol 
the venular loops (Fig. 9). 


Case 2 


A 30-year-old Black man with sickle-cell anaemia 
(S 95:4 per cent, A, 177 per cent, F 2:9 per cent) was 
first seen at the Eye and Ear Infirmary in. December 
1972 as a screening patient with no visual complaints, 
Best corrected vision was 20,20 in the right eve and 
20 25 in the left. Both conjunctivas showed fairly 
numerous sickling signs (Paton, 1962). By ophthal- 
moscopy the right posterior. pole appeared normal. 
Ophthalmoscopy of the left posterior pole showed 


several terminal arteriolar segments which were larger 


and darker than normal, suggesting obstructed vascular 
segments. The peripheral retina in both eyes was pale 
and vessels were thin and sparse. A fibrovascular nodule 
was seen in the left equatorial zone at the 9 o'clock 
position. 

Fluorescein angiography of the left macular region 
showed a normal-looking FAZ. Just temporal to the 
FAZ were three non-filling terminal branches corres- 
ponding to the dark segments described above (Fig. 10). 
The capillary bed surrounding these vessels was sparse. 
Fluorescein angiography of the right macular area was 
normal. Visual field testing on the Goldmann perimeter 
and the tangent screen showed no scotomas, and the 
responses to the pseudoisochromatic plates and the 
Farnsworth D-15 panel were normal. Static perimetry 
with the Goldmann perimeter through the area temporal 
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FIG. 4 Case 1. Fluorescein 
angiogram of right posterior pole on 
day cotton-wool pat hes develop 7i 
Longei arrows indicate site of 
arteriolar occlusions. Dependent 
vascular beds not perfused. Shorter 
arrow indicates single capillary 
bridging superior aspect of FAZ 


A, arteriole: V, venuli 


to the macula showed an absolute scotoma which had 
not been found with ordinary kinetic perimetry with the 
Goldmann apparatus or the tangent screen. 

Fasting serum glucose level and oral glucose tolerance 
test were normal, and results of serologic tests for 
syphilis were normal. 

At follow-up examination on 9 April 1974 his visual 
acuity was the same. The previously dark-coloured 
arteriolar segments in the left fundus were of norma! 
colour. An arteriolar segment in the right fundus looked 
darker in colour, suggesting occlusion. By fluorescein 
angiography the previously occluded vessels in the left 
eye were perfusing again (Fig. 11) but the capillary 
meshwork round them remained sparse. In the right 
eve the dark arteriolar segment seen on ophthalmoscopy 
was non-perfusing with a sparse capillary meshwork 
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round it, The perifoveal capillary meshwork was also 
wider than normal, suggesting true capillary loss. 
On 18 April the left eye showed no change ophthal- 


moscopically or angiographically. Ophthalmoscopy of 


the right eye showed the previously dark arteriolar 
segment to be of normal colour, Fluorescein angiography 
showed reperfusion of this previously occluded vessel. 
However, there was a capillary occlusion at the temporal 
aspect of the FAZ exaggerating the wide perifoveal 
capillary mesh. 


Case 3 


A 24-year-old Black man had sickle-cell anaemia 





FIG. § Case 1. Fluorescein 
angiograms of right posterior pole 
48 hours after acute episode. 

(a) Shows persistent closure of all 
involved arterioles (longer arrows). 
Shorter arrow indicates non- 
perfusion of single capillary bridging 
superior border of FAZ. R indicates 
retrograde filling of one of occluded 
vessels ; A, arteriole; V, venule. 

(b, opposite) Enlarged view of 
FAZ showing non-perfusion of 
single capillary bridging superior 
border of FAZ (arrow), Compare 
with Fig. 4 


(S 93°3 per cent, F 3:4 per cent A, 3:3 per cent) which 
had been diagnosed at the age of 4. His visual acuity had 
alwavs been poor and had been much reduced for over 
10 years. When first seen in February 1973 in the 
screening programme at the Eye and Ear Infirmary his 
best corrected visual acuity was 20/200 in the right eye 
and 20 400 in the left eye. The conjunctivas showed 
the sickling sign (Paton, 1962). By ophthalmoscopy both 
eves manifested optic atrophy, paucity of the nerve 
fibre layer on red-free examination, apparently sheathed 
and possibly occluded macular arterioles, peripheral 
arteriolar and venular sheathing, and atrophic-looking 
peripheral retinal tissue. 

Fluorescein angiography of the macular regions of 


























FIG. 6 Case 1. Fluorescein 
angiogram of right posterior pole 
two months after acute episode. 
Vitreous haemorrhage partially 
obscures view. Longer thicker arrows 
indicate site of arteriolar occlusions, 
all except one of which have 
reopened. Shorter arrow indicates 
reperfusion of the single capillary at 
superior border of FAZ. Thinner 
arrows with L indicate venular 
loops. A denotes arteriole ; V, venuli 
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both Eves showed avascular zones at the centres ot the 


maculae that incorporated and were two to three times 
larger than the normal FAZ. The blood vessel meshworl 
surrounding these zones consisted mostly of arteriolk 
and venules connected by large anastomoses. There 


was loss of the normal fine capillary architecture o 


these areas, Several non-filling segments were noted 
the terminal ends of some arterioles. Kinetic perimetr 
on the Goldmann perimeter showed a central scotoma ol 
3 degrees on the right and one of 12 degrees on the lefi 
With the left eve the patient made eight errors on thi 
pseudoisochromatic plates and showed a deutan detect 
on the Farnsworth D-15 panel. With the right eve hi 
response to the colour tests was normal 

On 27 April 1973 ophthalmoscopy of the left fundu: 
showed a dark-looking segment of th« superior temporal 
arteriole (Fig. 12). Fluorescein angiography showed 
the dark sepment to be occluded (Fig. 13a); there wer: 
several small vascular occlusions seen ophthalmoscopi- 
cally. Ophthalmoscopy of the right. fundus showed à 
dark vascular segment of the lower temporal arteriole, 
and fluorescein angiography showed occlusion of that 
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segment (Fig. 14a). On 28 May 1974, there was no 


change in his visual acuity, The previously dark- 
looking segment in each eve was of normal colour by 
ophthalmoscopy. Fluorescein angiography showed per- 
fusion of the previously occluded vascular segments 
(Figs 135, 145). 

Ophthalmoscopy on 17 June showed a dark vascular 
segment of the superior temporal arteriole which was 
larger than the previously noted one. Fluorescein 
angiography showed occlusion of the previously occluded 
vessel, but the site of occlusion was more proximal 
than the previous one and there was an unsuspected 
small terminal vascular occlusion of the lower temporal 
arteriole (Fig. 13c). Ophthalmoscopy of the right eve 
showed a dark vascular segment at the site of the 
previous occlusion. Fluorescein angiography indicated 
reocclusion of the same segment. There was evidence 
of retrograde filling of the distal segment of this occluded 
arteriole (Fig. 14€). 


Case 4 


A 35-year-old Black woman with sickle-cell anaemia 
(S 97 per cent, A, 3 per cent) was screened at the Eve 
and Ear Infirmary on 29 March 1974. She had no visual 
complaints, although she had been hospitalized on 
several occasions for painful crises, Her blood pressure 


FIG. 8 Case 1. Fluorescein 
angiogram of right posterior pole five 
months after acute episode. All 
previously occluded vessels are 
reperfusing except one (longer thicker 
arrow). Venular loops (thinner arrows 
with L) more prominent than 
previously noted. Shorter arrou 
indicates perfused capillary at 
superior border of FAZ. A denotes 
arteriole ; V, venule 


was normal. Fasting blood glucose and two-hour 
postprandial glucose levels were normal, as were the 
results of serologic tests for syphilis. 

Vision was 20 20 in both eyes with no refractive error. 
The anterior segments were normal. By ophthalmoscopy 
both fundi showed generalized tortuositv of the retinal 
vessels. The macular areas looked normal. Fluorescein 
angiography of the right macular area showed an irre- 
gularly shaped FAZ (Fig. 15a, b) due to arteriolar 
occlusion at the 2 and 3 o'clock positions with loss of 
the nasal arcade of the FAZ. Fluorescein angiography 
of the left macular area showed a round, regular FAZ 
which was smaller than the right one (owing to loss of 
capillaries in the right macula). Kinetic visual fields 
done on the Goldmann perimeter were normal with no 
scotomas. Colour vision testing with the pseudoiso- 
chromatic plates, Farnsworth D-15 panel, Farnsworth- 
Munsell roo-hue panel, and the anomaloscope gave 
normal results. 

Four months later there was no change in visual 
acuity or ophthalmoscopic appearance. By fluorescein 
angiography of the right macular area the FAZ was 
smaller than at the previous examination, This was 
owing to reopening of the occluded vessels at the 2 and 
3 o'clock positions and the formation of an arcade at the 
nasal border of the FAZ., A small capillary which was 
occluded previously was open at this time (Fig. 15¢). 
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FIG. 7 Case 1. Right posterior pole five 
months after acute episode. Cotton-wool patches 
have resorbed 





FIG. 12 Case 3. Left fundus showing optic 
atrophy and a dark-looking segment of upper 
temporal arteriole (arrow) 
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FIG. 9 Case y. Fluorescein 
angiograms of right posterior pole one 
week after Figs 7 and 8. (a) Venular 
loop (open arro) is supplied by 
retrograde filling. (b) After complete 
filling venular loop shows change in 
shape from previous week. 

(c, opposite) Enlarged view of 
postertor pole shows single capillary 
(solid arrow) bridging FAZ (arrow), 
A indicates arteriole ; V, venule 





‘The macular vasculature of the left eve was unchanged. 

At examination on 25 February 1975 visual acuity 
was still 20/20 with no change in her visual field or 
colour status. Fluorescein angiography of the right 
macular area showed no change since the previous 
examination, 


Case 5 


An 18-year-old Black man with sickle cell-haemo- 
globin C disease (S 58 per cent, C 42 per cent), was 
seen at the Eve and Ear Infirmary on 15 June 1973 as a 
screening patient with no ocular symptoms. Best 
corrected visual acuity was 20/20 in each eye. There 
was no conjunctival sickling sign and no iris atrophy. 
Ophthalmoscopy of the right eye showed a sharply 
looping terminal venule 14 disc diameters temporal and 
slightly inferior to the macula. The left fundus was 
normal. By fluorescein angiography the vasculature 
around the FAZ in the right eye was normal. ‘Temporal 
and slightly inferior to the fovea a terminal venule 
looped sharply towards a small area where the capillary 
bed was sparse (Fig. 16a). There were no definite vascu- 
lar occlusions. The fluorescein appearance of the left 
macular area was normal. On 12 November 1973 
ophthalmoscopy of the right eye showed dark terminal 
segments of the lower temporal raphe area. Fluorescein 
angiography confirmed occlusion of these terminal 
vascular segments (Fig. 166). There was a small, 
unsuspected vascular occlusion at the superior border 
of the temporal raphe. The left eye was normal. Kinetic 
perimetry with the Goldmann perimeter and Amsler 
grid showed no scotomas. Colour vision testing was 
normal, Fluorescein angiography on 19 November 
1973 showed reperfusion of all the occluded vessels. 
After that the patient was lost to follow-up. 
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Case 6 

A 35-year-old Black woman with sickle cell-haemo- 
globin C disease (S 54 per cent, C 46 per cent), was 
seen at the Eye and Ear Infirmary with a history of 
transient blurring vision in the left eve of several 
weeks’ duration. Best corrected visual acuity was 
20/235-2 in each eve. The conjunctivas showed minimal 
sickling sign (Paton, 1962). The vitreous in the left eve 
showed peripheral yellowish material suggesting old 
haemorrhage. The equatorial region of both eves 
showed several sea fan neovascular formations. 

Fluorescein angiography of the right macular area 
showed a normal FAZ. The spaces of the surrounding 
capillary meshwork varied more in size than normal 
(Fig. 17a, 6). Temporal to the FAZ there was a patho- 
logical avascular zone (PAZ) twice as large as the FAZ 
The borders of the PAZ showed tiny beads of fluores- 
cence (Fig. 17a). Fluorescein angiography of the left 
macular area showed an enlarged, irregularly shaped 
FAZ with beads of fluorescence at its superior and 
temporal borders (Fig. 18a). 

The tangent screen and Amsler grid examinations 
showed no scotomas. The patient had normal responses 
to the pseudoisochromatic plates and Farnsworth- 
Munsell roo-hue panels. 

Examination one year later showed no ophthal- 
moscopic change in the macular areas. Fluorescein 
angiography of both maculae showed more loss of 
capillaries surrounding the FAZ (Figs 17c; 185, c). 
‘There was no change in her visual acuity, fields, or 
colour discrimination. 


Case 7 

A 45-year-old Black man with sickle cell-haemoglobin 
C disease (S 53:2 per cent, C 46:8 per cent) was first 
seen at the Ear and Eye Infirmary on 16 January 1974 
as a screening patient. Best corrected visual acuity was 
20/30 in each eve. The conjunctivas showed no sickling 
sign and there was no iris atrophy. Ophthalmoscopy of 
the right eye showed a neovascular tuft at the 1 o'clock 
equatorial meridian. The left eve showed several sea 
fan neovascularizations extending — circumferentiall 
around the equator. Both maculae had abnormal vascular 
patterns with enlarged foveal avascular areas. 

Fluorescein angiography of the right macula disclosed 
an abnormally shaped FAZ with loss of the vascular 
arcade at the 10 o'clock meridian of the FAZ (Fig. 19). 
There was a small venular loop directed into the FAZ. 
The left macular area showed an abnormally shaped 
FAZ with loss of the vascular arcade at the 7 o'clock 
meridian (Fig. 20). 

Kinetic visual field testing with the Goldmann 
perimeter and the Amsler grid manifested no scotomas. 
Colour vision testing with the pseudotsochromatic 
plates, Farnsworth D-15, and Farnsworth-Munsel! 
ro0-hue panels was normal. During the second year o! 
follow-up the appearance of the left macular area did 
not change and the character of the venular loop in the 
right macular area changed somewhat (Fig. 195). 


Discussion 


Acute vascular changes at the posterior pole in 
sickle patients have been characterized by centra! 
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(100) 


FIG. 10 Case 2. Fluorescein 
angiograms of left posterior pole. 

(a) Arrows indicate three non-filling 
terminal segments of same arteriole at 
temporal raphe. (b) Enlarged view of 
same area, A indicates arterioli 


(10b) 





retinal artery occlusions and peripapillary and 
macular arteriole occlusions (Kabakow, Weimokly, 


and Lyons, 1955; Conrad and Penner, 1967; 
Knapp, 1972; Acacio and Goldberg, 1973; Ryan, 
1974). Patients with acute vascular occlusion, 
especially central retinal artery occlusion, usually 
seek medical advice because of sudden and pro- 
found visual loss. Such acute occurrences must be 
uncommon, however, since only scattered cases 
have been reported. Branch artery occlusion 
affecting the macular vessels usually produces 
central scotomas or loss of vision. Occlusion of fine 
arteriolar twigs surprisingly may produce no visual 
disturbances and is therefore not brought to the 
ophthalmologist's attention. The assessment of the 
true incidence of these lesions thus becomes diffi- 
cult. 

Chronic abnormalities of the posterior pole 
have also been reported. Condon and Serjeant 
(1972a, b, c) reported dilated capillaries and a few 
microaneurysms of the posterior pole of ro to 40 
per cent of patients, producing no visual symptoms. 
Since the recognition of chronic macular abnor- 
malities in about 20 per cent of our clinic’s popula- 
tion we have examined more carefully the posterior 
pole of all patients admitted to the clinic using 
both red-free and direct ophthalmoscopy and 
selective fluorescein angiography, focusing on the 
macular vasculature and the area immediately 
temporal to it. 


Macular and perimacular vascular remodelling 443 


FIG. I1 Case 2. Fluorescein 
angiogram of left posterior pole 16 
months after initial examination. 
Previously occluded vessels are 
perfuse d (arrows) 


Out of 100 consecutive patients studied since 
our initial communication, including some of the 
originally reported cases, 29 showed some form of 
posterior pole abnormality—13 with SS haemo- 
globin, 13 with SC, and three with S-thal. Although 
vascular occlusions have been reported in patients 
with AS haemoglobin (Kabakow and others, 1955; 
Conrad and Penner, 1967), we found no abnor- 
malities in the seven AS patients studied. The 
posterior pole changes were characterized as 
microaneurysm-like dots, dark and enlarged seg- 
ments of arterioles, hairpin-shaped venular loops, 
pathological avascular zones (PAZ), and widening 
and irregularities of the foveal avascular zone 
(FAZ). 

[n most cases kinetic visual field testing with the 
tangent screen and Goldmann perimeter did not 
show any scotomas, even in the presence of large 
areas of pathological avascular zones. Such preser- 
vation of visual function despite lack of normal 
retinal perfusion has also been described in ischae- 
mic diabetic maculopathy (Kohner, 1971; Bresnick, 
De Venecia, Myers, and Davis, 1975). Recently we 
have found that small relative and absolute scotomas 
can be detected with static perimetry, the scotomas 
corresponding to these pathological avascular zones 

Colour vision seems to be surprisingly well 
preserved in these patients with posterior pole 
abnormalities. Although some patients did have 
colour vision defects, most were normal. 
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FIG. 13 Case 3. Fluorescein 
angiograms of left posterior pole. 

(a) Dark segment seen 
ophthalmoscopically is non-perfusing. 
Three small occlusions also evident 
(arrows). FAZ is two to three times 
larger than normal. (b) One year 
later : all previously occluded vessels 
are perfusing (arrows). (c, opposite) 
One month later : superior temporal 
arterioles reoccluded (upper arrow) 
Site of occlusion is more proximal, 
Small arteriolar occlusion is evident 
im a terminal segment of 
inferotemporal artertole (lower 
arrow). A indicates artertol 


0 co 8 NINE. mm NEU cuta 


The discrepancy between the angiographic 
appearance of the posterior pole vasculature and 
normal visual function (normal visual acuity, 
colour vision, and fields) suggests that there may 
be a considerable redundancy of the blood supply 
to the macula from either adjacent retinal vascular 
arcades, the choroid, or both. 

Our current tests for evaluating macular function 
may not be as sensitive for detecting early, minute 
visual function abnormalities, and thus the need 
for more sophisticated tests is emphasized. How- 
ever, with more progressive loss of macular vessels 
visual function eventually becomes abnormal, as 
tested by currently available techniques. 

Most of these posterior pole abnormalities may 
be attributable to acute vascular occlusions and 
their sequelae. For example, case 1 showed vascular 
changes both in the initial acute episode of vascular 
occlusion and in the more chronic state when some 
capillaries still were not perfused. The initial 
pathogenetic event is arteriolar vaso-occlusion. 
Although primary venous occlusions may occasion- 
ally occur, most occlusions in sickling patients 
occur on the arterial side of the retinal vasculature. 
Evidence has accumulated recently to show that 
deoxygenation of blood may occur in the small 
arteries to a level that is capable of inducing sickling 
and causing arteriolar occlusions (before the circu- 
lating erythrocytes reach the level of the capillaries 
and the venules) (Harris, Brewster, Ham, and 
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Castle, 1956; Duling and Berne, 1971). Retinal 
occlusions may occur in the small arterioles them- 
selves or may be the result of 'log-jamming' in 
capillaries and 'back stasis' from the sickled cells 
Arterial occlusions are not unique to the retinal 
vasculature as they have occurred in large cerebral 
arteries (Stockman, Nigro, Mishkin, and Oski, 
1972), including the common carotid 
though larger arteries probably 
different mechanism. 

With sudden arteriolar occlusion, when imme- 
diate restoration of flow does not occur, a localized 
area of retinal ischaemia results which is sometimes 
seen ophthalmoscopicalls as a cotton-wool patch. 
Several cotton-wool patches, each corresponding to 
arteriolar occlusions, were noted in case r and 
were clearly defined bv Huorescein angiography 
Fluorescein staining of the vessel wall at this stage 
may denote endothelial damage due to the intra- 
luminal plugs of sickled erythrocytes. ‘To our 
knowledge, this is the first report of acute arteriolar 


artery, 


occlude by a 


occlusion resulting in cotton-wool patches in a 
patient with sickling haemoglobinopathy. ‘Thess 
patches represent localized areas of ischaemu 
necrosis of the inner retinal layers, predominantly 
the nerve fibre layer. That these lesions occur from 
occlusion of the precapillary arterioles and adjacent 
capillaries has been documented in patients with 
hypertensive and diabetic retinopathy (Esmann 
Lundbaek, and Madsen, 19623: Kohner, Dollers 
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FIG. 14 Case 3. Fluorescein 
angiograms of right postertor pole. 
(a) Dark segment seen 
ophthalmoscopically is not perfusing 
(arrow). (b) One vear later : 
reperfusion of same segment (arrow), 
(c, opposite) One month later : 
reoccluston of same segment (arrow). 
Retrograde filling is evident (R). 

A indicates arteriole 





and Bulpitt, 1969; Wise, Dollery, and Henkind, 
1971). 

Although ischaemia is the major factor respon- 
sible for cotton-wool patches, some of these lesions 
may occasionally be the result of generalized 
endothelial damage and vascular leakage (Hodge 
and Dollerv, 1964). In our patient, however, the 


lesions clearly resulted from acute arteriolar 
occlusions, since each localized patch corresponded 
precisely to the dependent capillary bed of an 
occluded arteriole. Angiography showed no leakage 
at these sites. 

Although cotton-wool patches, if large enough, 
are associated with local scotomas, our patient did 
not complain of any visual impairment and her 
visual acuity, fields, and colour perception were all 
normal. Possibly the posterior pole abnormalities 
of many sickle-cell patients start with similar acute 
episodes and yet, because of lack of visual symptoms, 
are not seen by the ophthalmologist. 

Subsequent to the occlusions the capillary bed 
dependent on this occluded arteriole is not com- 
pletely perfused. This non-perfusion does not 
necessarily mean complete and permanent closure 
of the capillary bed, and many capillaries may 
remain patent. Indeed, in pathological specimens 
they may appear patent although unfilled with 
erythrocytes. Non-perfusion during ischaemia may 
be secondary to several factors, including total 
vaso-occlusion, low perfusion pressure, high tissue 
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pressure with capillary closure secondary to 
swelling of retinal tissue, capillary contraction o1 
collapse, and endothelial swelling. Depending on 
the combination and course of these factors, th« 
occluded capillaries reopen or remain non-perfused. 
In the latter state the areas represent finally the 
pathological avascular zones that are apparent 
angiographically. Eventually the cotton-wool spots 
disappear with return of normal retinal trans- 
parency, although their locations sometimes can 
be identified as localized dimples or facets. 
Follow-up examination after the initial acute 
attack shows multiple vascular changes. The initial 
area of | 


remain non-perfused. 
Distal to this occlusion a low pressure area may 


occlusion mi 
develop. Blood from neighbouring capillaries may 
How into this low pressure zone, and fluorescein 
angiography shows retrograde dye filling (Figs 
S, 14€). The occluded 
pletely. The dependent capillary bed may re- 


V ssel mav reperfuse come 


establish circulation or remain non-perfused. ‘The 
failure of the capillary bed to reperfuse after estab- 
lishment of flow in an occluded arteriole and the 
return of retinal transparency probably indicate 
postnecrotic atrophy of the inner retinal layers, 
including the capillary bed, as has been shown by 
trypsin-digestion and other histopathological tech- 
niques (Kornzweig, Eliasoph, and Feldstein, 1964; 
Kuwabara and Cogan, 1965). 

Interesting vascular changes, especially on thi 
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venular side, occur adjacent to retinal areas where 
the capillary bed remains non-perfused. Venular 
loops develop and are almost always directed into 
areas of avascular retina. The significance of 
these loops is not currently understood. Similar 
venular hairpin-loop configurations have also been 
noted in diabetes mellitus. Haemodynamic, chemo- 
tactic, or even mechanical factors may play a role 


FIG. 15) Case 4. Fluorescein 
angiograms of right posterior pole. 
(a) Generalized vascular tortuosity is 
evident. FAZ is irregular with loss 
of nasal vascular arcade (arrou). 

(b) Enlarged view of FAZ. Loss of 
the nasal arcade of FAZ 1s due to 
arteriolar occlustons at 2 and 

3 o'clock positions (arrows). (c) FAZ 
four months later shows reopening of 
previously occluded vessel 
re-establishing nasal arcade of 


FAZ (arrow) 


in the initiation of these vascular loops. It is pos- 
sible that the intraluminal pressure pushes the 
vessel into this necrotic, atrophic zone where low 
tissue pressure may prevail. It may be that the 
ischaemic area produces a chemotactic factor that 
induces the growth of vessels into it, the first step 
in neovascularization. It is also possible that change 
is induced in the internal limiting membrane or 
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FIG. 16 Case s. Fluorescein 
angiograms of right macular area amui 
area temporal to it, (a) Shorter 
arrow indicates venular loop directed 
into area with sparse capillaries. 
Longer arrows indicate reference 
vessels that occluded five months late; 
and are seen in (b) 
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other tissues which may mechanically pull the 
vessel in. All these are theoretical possibilities and 
more than one factor may be operative. 

The maculopathy that starts with acute occlu- 
sions usually follows a chronic progressive course 
with larger and more numerous areas of the retina 
gradually becoming involved. Fluorescein angio- 
graphy repeated at intervals of several months shows 
a continuous remodelling of the retinal vasculature 


FIG. 17 Case 6. Fluorescein 
angiograms of right posterior pole. 

(a) Beads of flucrescein are apparent 
in the capillaries surrounding the 
FAZ. Temporal to the FAZ ts a 
PAZ. (b) Enlarged view of the FAZ. 
The spaces of the surrounding 
capillary meshwork are more variable 
in size than normal. Arrow shows 
area where further capillary loss 
occurred (see (c)). (c) One vear later, 
further loss of capillaries surrounding 


| FÀZ (arrow) 


of the posterior pole. Occlusions may extend 
posteriorly or completely reopen (Fig. 13). Patho- 
logical avascular zones become larger and foveal 
avascular zones may change size and shape. Occa- 
sionally a reverse process may ensue, an avascular 
zone may become revascularized and an abnormal 
foveal avascular zone may revert to normal size and 
configuration (Fig. 156, c). It is important to 
observe the patients regularly to recognize this 


. 
a 
ST 
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FIG. 18. Case 6. Fluorescein angiograms òf left posterior 
pole. (a) Irregularly shaped FAZ with loss of capillaries 
accentuated at its temporal border. Beads of fluorescein 
are evident, Arrows indicate sites of future occlusions. 
(b) At follow-up six months later : further occlusions 

at the s and 7 o'clock areas (arrows) have enlarged 
FAZ. (c) 15 months later : single capillary reopened at 
6 o'clock meridian (arrow) 


continuous remodelling in the vasculature of the 
retina. The arterioles may plug and unplug and 
the dependent microvasculature may change ac- 
cordingly. This phenomenon of continuous opening 
and closing of the affected vessels supports the 
view that there is a mechanical type of obstruction 
caused by aggregates of impacted sickle cells 
rather than a real thrombosis, but recanalization of 
a true thrombosis may also occur. 

Such complex remodelling of the retinal vascular 
bed as the result of vascular occlusion is not 
unique to the posterior pole. We have recently 
reported similar vascular remodelling in the peri- 
pheral vasculature of patients with different 
sickling haemoglobinopathies (Galinos and others, 
1975). Harnish and Pearce (1973) also reported 
retinal vascular remodelling in non-sicklers with 
hypertensive retinal vascular disease. Their obser- 
vations were similar to ours in that vascular occlu- 
sions were followed by a complex remodelling 
of the retinal vasculature, a process which continued 
over a period of vears. 

The clinical implications of the posterior pole 
abnormalities are manifold. Although some of the 
vascular abnormalities do not cause any detectable 
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visual disturbances in some patients they ma 
cause minimal to profound visual loss in others 
even with normal-looking fundi. Thus careful 
screening of the maculae by ophthalmoscopy and 
fluorescein angiography becomes mandatory, espe- 
cially in patients with unexplained central visual 
loss or colour vision abnormalities. Sickle maculo- 
pathy can occur even in children with no peripheral 
retinopathy, and therefore the absence of peripheral 
lesions does not preclude the need for careful 
assessment of the macula. Finally, these changes 
may in the future serve as indicators in the evalua- 
tion of systemic therapeutic regimens to minimize 
the sickling process and improve blood flow. 
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(194) ( 195) 
FIG. 19 Case 7. Fluorescein angiograms of right posterior pole. (a) Abnormally shaped FAZ with loss of vascular 
arcades at 9 to 10 o'clock meridian (arrow). L denotes venular loop directed into avascular zone. (b) Further changes 
in character of venular loop one year later 


Summary 

The posterior pole vasculature of 1:00 patients 
with different sickling haemoglobinopathies was 
studied prospectively over a period of three years. 
Various abnormalities of the posterior pole vascu- 
lature were seen in 29 per cent of the patients. 
Continuous remodelling of the macular and peri- 
macular vasculature occurred. Visual acuity was 
variably affected and sometimes remained intact. 


This study was supported in part by contract NIH 
72 2956B and grant IP 18 HL 15168 o3 from the 
National Heart and Lung Institute, Bethesda, Md. We 
thank Stevens and associates and the American Medical 
Association (Copyright 1974) for permission to publish 
parts of case histories of their patients 1, 2, 4, and 7, 
and to reproduce modifications of Figs 12, 13a, 17a, 18a 
from 'Sickling maculopathy’ (Arch. Ophthal., 1974, 
92, 455). We also thank D. Bergsma for permission to 
reproduce modifications of Figs 1; 17a, b; and 18a, b, 
from an article by Morton F. Goldberg in the Oxford 





Symposium on the Eye and Inborn Errors of Metabolism, FIG. 20 Case 7, Fluorescein angiogram of left 
Birth Defects: Orig, Art Ser., Vol. XII New York: posterior pole with abnormally shaped FAZ. Loss of 
Alan Liss, Inc., for the National Foundation-March vascular arcade of 7 o'cloch meridian (arrow). 

of Dimes, in press. Island of PAZ present at 2 o'clock meridian 
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Acute vitreous haemorrhage: a clinical report 


HARVEY LINCOFF, INGRID KREISSIG, ann MURRAY WOLKSTEIN 


From New York 


Acute vitreous haemorrhage presents to the patient 
as a sudden onset of black spots, followed by rapid 
clouding of vision as the blood disperses through 
the media. The ophthalmoscopic picture varies from 
a loss of retinal detail to a loss of fundus reflex, 
depending on the quantity of blood released. 

Biomicroscopy of the vitreous is revealing 
because blood cells collect on the surface of the 
vitreous membranes and membranelles and provide 
a kind of i vivo staining of vitreous structures. 
Vitreous membranes appear to be impermeable to 
red blood cells. When detachment of the posterior 
hyaloid provokes a retinal haemorrhage the post- 
hyaloid space fills with blood. Red blood cells coat 
the external surface of the hvaloid but the internal 
surface and the vitreous gel remain clear (Fig, 1). 

The retrohyaloid space is an  aqueous-filled 
chamber and eye movements maintain red blood 
cells in it in diffuse suspension. If the eve move- 
ments are diminished, however, by binocular 
patching and the patient is maintained with his head 
raised, the blood cells gravitate to the bottom of the 
space and collect as a meniscus at the inferior vitreo- 
retinal insertion (Fig. 2a, 6). This occurs within 
hours. There is a small convection current, due to 
the relative warmth of the retinal surface as opposed 
to the hvaloid membrane, but it is too small to 
overcome the gravitational pull. 

Blood eventually enters the vitreous gel by way 
of holes that develop in the posterior hyaloid, 
usually in the days immediately following the 
haemorrhage. Eisner (1973) has observed these 
holes in cadaver eves. They start as a tearing of the 
hvaloid at the edge of the disc and become round 
as the membrane separates from the disc and the 
gel prolapses through the holes (Fig. 3a, b). Blood 
cells migrate into the gel with eve movements and 
collect on the membranelles, making the pattern of 
prolapse visible. More than one hole may form 
(Fig. 4) and they may enlarge and expand all the 
way to the bottom of the eve (Fig. 5). 

The selection of patients who will respond to 
binocular occlusion and positioning may be based 
upon the biomicroscopic examination. If the blood 
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Blood diffused in retrohyaloid space after acute 
haemorrhage. Red blood cells coat external surface of 
hyaloid but internal surface and vitreous gel remain clear 


FIG. I 


is confined behind the posterior hvaloid membrane 
and the vitreous gel 1s free of cells settling may be 
predicted with some certainty and a view of the 
retina will become available within hours. H, 
however, the gel is already infiltrated with cells 
and they are dense enough to obscure the hyaloid 
membrane occlusion and positioning will not result 
in significant clearing, for cells in the gel do not 
settle. If the hvaloid can be perceived at all a trial is 
indicated. | 


Patients and methods 


One hundred consecutive patients with acute vitreous 
haemorrhage who were treated with binocular occlusion 
and elevation from 1966 to 1974 at the New York 
Hospital were analysed. Forty-three were of rhegma- 
togenous origin and 57 bled from haemorrhagic vasculo- 
pathies (Table D). Eighty-two of the 100 patients were 
hospitalized. Eighteen diabetics, 15 of whom were 
recurrent bleeders, were treated as outpatients. AH 
patients had both eyes covered. They spent most of 
their waking hours sitting in a chair where they were 
also fed. The dietetics department devised a menu of 
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(a) 


FIG. 2 


(5) 
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Aeute retinal haemorrhage confined hy hyaloid membrane to posterior hyaloid space. (a) Blood celis have settled 


to bottom of space in 14 hours to reveal retinal tear at ix o'clock. (b) Sagittal section. Same cells still an external 


surface of hyaloid membrane and in aqueous fluid below 





(a) 


FIG. 3 
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(b) 


Prolapse ef vitreous through hole in posterior hvaloid membrane. (a) Red cells dispersing into sel along 


membranelles. (b) Sagittal section shows vitreous gel in posterior hyaloid space 


finger foods consisting of sandwiches, raw vegetables 
and fruits, and other foods that required a minimum of 
aid. Sleeping with the head of the bed raised 30 degrees 
was found adequate to encourage and maintain pooling 
of the blood at the bottom of the eve. Mobilization for 
toilet and for walking in the corridor had no dispersing 
effect as long as patching was maintained. A few minutes 
of unpatching a day for washing and examination did 


1 


not provoke significant mixing. Pinhole glasses retarded 
dispersion but did not prevent it, 
Inpatients were examined daily, nt 
second or third day. Patches were maintained if there 
was perceptible clearing at each examination, Clearing 
time for the purpose of this report is defined as the day 
the retina could be seen well enough for diagnosis, 
‘Treatment consisted of crvapexy to retinal tea 


cutpatireontis every 
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FIG. 4 Two round holes in postericr hyaloid that 
appeared on second day after acute vitreous 

detachment and haemorrhage. Blood has collected below 
as a result of occlusion and elevation 





FIG. § 


Holes in posterior hyaloid have expanded to 
bottom of eye. Blood is still collected below but has 
spilled over the surface of ciliary body 


scleral buckling for retinal detachment, and photo- 
coagulation for the vasculopathies. 


Results 

RHEGMATOGENOUS HAEMORRHAGE 

In none of the 43 patients with acute vitreous 
haemorrhage of rhegmatogenous origin was there 


evidence of a haemorrhagic vasculopathy in the 
second eve. These patients were treated with 
binocular occlusion with the expectation of finding 
a retinal break. Thirty-eight cleared-—20 in one 
day, another 13 by four days, and three more by 
the end of a week (Table Il). Acute retinal breaks 
were found in 25 cases, of which 16 were combined 
with retinal detachment. Four patients bled from 
bridging vessels across an operculated break that 
had been treated previously with cryopexy and 
scleral buckling. Nine patients had a posterior 
hyaloid detachment but no retinal break was found, 
and they were presumed to have bled from traction 
of the hyaloid on a retinal vessel. 

Of the five patients in whom occlusion was 
abandoned because blood became diffuse in the gel 
two cleared over several months and were found 
to be without retinal breaks. Three did not clear 
before they showed signs of retinal detachment. One 
occurred in a woman aged 93 years, before the 
advent of ultrasound. The vitreous did not clear 
in the remaining four years of her life, but since 
she lost perception of light during this time she was 
presumed to have a retinal detachment. A second 
was a patient with a recent aphakia who reported, 


Table I Results of ocular immobilization of 100 
consecutive patients with acute vitreous haemorrhage 


KAREENA OAA APETA WC HCI Sec PN PR A EH ONCOPROTEIN NO 


Not 

Aetiology No. Cleared — cleared 
Rhegmatogenous Ege 38 S 
Bleeding vasculopathies 

Diabetes 50 43 5 

Vein occlusion 5 4 1 

Sickle cell i i o 

Leber's miliary 

aneurysms 1 1 O 

‘Total 100 $o Iy 
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Table I Clearing time of 38 cases of 
rhegmatogenous vitreous haemorrhage that responded 
te ocular immobilization 

| AAA APE AAE urere Hore i EM HAS TARA Ph PRA ARA BI BÉ tH VE TAEAE SS ia MAR PE AAA UA NASA 


Clearing ttme (days) 


Aetiology NO. 00 sere -~ 
1 2—4. ST 

Retinal tears 9 7 2 
Tears with detachment 16 G 6 1 
Bridging vessel on 

scleral buckle 4 2 i i 
Posterior hvaloid detach- 

ment without tear Ü 2 6 I 
Total 38 20 rs 3 


six weeks after his haemorrhage, a rising horizontal 
opacity superimposed on his vitreous density. 
Ultrasound confirmed the presence of a retinal 
detachment. A pars plana vitrectomy was done in 
combination with retinal detachment procedure. 
The retina reattached and vision recovered to 20/40. 
The third patient with a very dense haemorrhage 
had not cleared after 22 months. She had developed 
a defective light field and ultrasonography showed 
a retinal detachment. She refused surgical inter- 
vention, 


BLEEDING VASCULOPATHIES (Table IIT) 
Diabetic 


Fifty patients who were treated with occlusion 
had bled from retinopathy of diabetic origin. All 
had diabetic retinopathy in the other eye. Out of 
the 50, 45 cleared—seven in one day, 19 by four 
days, and 11 by seven days. Occlusion was sus- 
tained in six patients for one to 28 days and in two 
patients for one to three months in order to obtain 
clearing of a slightly hazy gel and to prevent a 
larger amount of blood that had collected at the 
bottom of the retrohyaloid space from also entering 
the gel. Twenty-nine patients had a history of 
previous haemorrhage into the vitreous. This 
proved not to affect clearing time; recurrent 
bleeders cleared as quickly as initial ones, In 
diabetics the posterior hvaloid membrane seems 
more resistant to hole formation. Tolentino, Lee, 
and Schepens (1966) reported holes in 10 out of 
40 diabetic eyes that bled. 


VENOUS OCCLUSION 


Five patients without haemorrhagic vasculopathy 
in the other eve were treated for vitreous haemorr- 
hage with occlusion and elevation. All had hyper- 


Table III Clearing time of 51 cases of bleeding 
vasculopathy that responded to ocular immobilization 





Clearing time (days) 


Aetiology NO, 00 o n 
1 2-4 5-7 8-28 28 
Diabetes 45 s Te gf -6 2 
First 


haemorrhage (16) (3) (89) (2) (2) (1) 
Recurrent 


haemorrhage (29) (4) GD (9) (4) (2) 


Vein occlusion 4 1 2 ! oO o 
Sickle cell 1 o I o o o 
Leber's miltary 

aneurvsms I 1 o o o o 
Total 51 9 22 12 6 2 


Acute vitreous haemorrhage 487 


tension, but the pertinent common factor was a 
history of branch vein occlusion in the bleeding 
eye 10-22 months previously. Four of the five 
cleared by day five and proved to have bled from 
secondary neovascularization in the occluded zone. 


Sickle-cell disease 


One patient bled from the vascular malformations 
of sickle-cell disease and had sickle-cell vasculopathy 
in the other eye. The eye cleared sufficiently for 
photocoagulation in three davs. 


Leber s miliary aneurysms 


A single patient with Leber's disease cleared in 
one day. There was typical vasculopathy in the 
other eye. 


Discussion 


Acute intraocular haemorrhage in the absence of 
diabetic haemorrhagic retinopathy or haemorr- 
hagic retinopathy of other systemic origin in the 
other eye ts most likely to be the result of a retinal 
tear (Lincoff, 1967; Lincoff and Kreissig, 197). 
Morse, Aminlari, and Scheie (1974) collected 200 
cases of spontaneous vitreous haemorrhage. Ana- 
lysing these it is evident that if only the diabetics 
(108) are excluded 76 per cent (69 of 92) of idio- 
pathic vitreous haemorrhages were of rhegmato- 
genous origin. In our series, excluding patients 
with diabetic vasculopathy in the other eve, 86 
per cent (43 of 50) of idiopathic haemorrhages were 
of rhegmatogenous origin. This would seem to 
jusufy emergency management of at least this 
group of patients with vitreous haemorrhage and to 
discourage the practice of sending them first for 
diabetic or hypertensive treatment. 

Bleeding of diabetic origin in a patient without 
diabetic changes in the second eve did not occur 
in our series. Nor did we see vitreous haemorrhage 
due only to hypertension. The five hypertensives 
in the series all bled from secondary neovasculari- 
zation and had a history of retinal vein occlusion. 
Delay in instituting ocular immobilization and 
positioning of the patient increases the likelihood 
of holes developing in the posterior hyaloid mem- 
brane and blood entering the gel, resulting in 
prolonged obscuration of the fundus. 


Summary 


In the first hours after a vitreous haemorrhage dense 
enough to obscure the retina, the blood is usually 
confined to the posthyaloid space in an aqueous 
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phase. Binocular occlusion and elevation provides 
sufficient immobilization of the eyes in nine out of 
10 patients for the blood cells to settle to the 
bottom of the space and make the retina available 
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Diabetic retinopathy with normal glucose tolerance 


A. D. B. HARROWER anp B. F. CLARKE 


From the Diabetic and Dietetic Outpatient Department, Royal Infirmary, Edinburgh 


Various histological (Siperstein, Norton, Unger, 
and Madison, 1966; Siperstein, Unger, and 
Madison, 1968; Siperstein, Unger, and Madison, 
1970) biochemical (Camerini-Davalos and Cole, 
1970; Goto, Tovota, Takaku, Sato, and Irie, 
1970), growth hormone (Soeldner, Sénksen, Glea- 
son, and Boden, 1971) and insulin secretory 
(Cerasi and Luft, 1967) abnormalities have been 
reported in 'pre-diabetics' who, by definition, have 
normal standard glucose tolerance. Despite this, 
however, there have been only a few reports of 
typical diabetic complications, particularly retinal 
(Collens, Silverstein, and Dobkin, 1959; Levine, 
1961; Linner, Svandborg, and Zelander, 1965; 
Johansen, 1969; Siperstein, 1969) or renal (Collens 
and others, 1959; Linner and others, 1965) angio- 
pathy occurring in such subjects. 

A patient who presented with typical diabetic 
exudative and proliferative retinopathy, but had 
normal standard glucose tolerance, is described. 
It was concluded that in such cases the diabetes 
was probably latent, the retinopathy being dis- 
covered during a period of natural or induced 
remission when glucose tolerance had reverted to 
normal. 


Case report 


A 62-year-old woman was referred bv her family 
doctor because of visual impairment which had de- 
veloped gradually during the previous year. There had 
been no previous hospital admissions and apart from 
her presenting complaint she was asymptomatic. She 
had been obese since her teens, had not been known to 
be hypertensive, nor at any time in the past had she 
noted symptoms suggestive of diabetes mellitus. An 
older sister aged 71 years was a known maturity-onset 
diabetic attending the same clinic; she had been regis- 
tered blind as a result of progressive exudative and 
proliferative diabetic retinopathy which had been 
present at diagnosis ro years previously. 

On examination, the patient was markedly obese, 
weighing 86:3 kg (standard weight 61 kg). She was 
hypertensive, with blood pressure 190/110 mmHg, but 
her general physical examination was otherwise unre- 
markable. The visual acuity was reduced to 6/18 in the 
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right eve and 6/36 in the left. Ophthalmoscopy revealed 
features characteristic of diabetic retinopathy with 
scattered microaneurysms and small discrete round 
‘blob’ haemorrhages (particularly in the posterior polar 
regions of both retinae) and extensive clusters of 
yellowish, deep, hard exudates in the macular and 
perimacular regions. In addition, there was vitreous 
haze with a few small areas of neovascularization along 
the superior and infertor temporal vessels in the right 
eye and, in the left, a few areas of early neovasculariza- 
tion in relation to the superior temporal veins, There was 
also mild arterio-venous ‘nipping and a few superficial 
linear haemorrhages compatible with the hypertension. 
Unfortunately, because of vitreous haze it was not 
possible to take satisfactory photographs. 

Laboratory investigations showed a normal two-hour 
postprandial blood glucose of 4:1 mmol/l (74 mg/100 ml) 
and full blood investigation-—1ncluding haematology, 
blood urea, electrolytes, and uric acid—were all normal. 
Urine microscopy was normal and renal function 
satisfactory, there being no proteinuria, the creatinine 
clearances were 68 and 115 ml/min and the intravenous~ 
pyelogram was normal. Chest radiology showed slight 
cardiac enlargement affecting the left ventricle, but the 
electrocardiogram was normal. Urinary vanillyl man- 
delic acid was normal and the urinary 17-hydroxy- 
corticosteroid excretion was 20 mmol/dav, ‘Total 
plasma proteins were 73 g/l, albumin 4o gl with a 
normal electrophoretic pattern. Immunoelectrophoresis 
of the globulins was normal, and tests for antinuclear 
factor were negative. Fasting cholesterol was 7 mmol 1, 
triglycerides 147 mmol/l, and free fatty acids 1050 mmol 1; 
a full clotting screen was normal. The standard oral 
glucose tolerance test, using a 50 g glucose load, which 
was repeated after an interval of seven days were both 
normal apart from a slight increase in the one-hour 
blood glucose value in the second test (Table I}. Intra- 
venous tolbutamide (Unger and Madison, 1958), and 
cortisone augmented glucose tolerance tests (Pajans 
and Conn, 1954) were likewise normal (Table I). 

A renal biopsy showed, on light microscopy, hvaline 
changes in the arterioles compatible with hypertension, 
but, unfortunately the tissue obtained was inadequate 
for a satisfactorv assessment of diabetes, 

The hypertension was controlled with debrisoquine 
4s mg daily and treatment was begun with clofibrate, 
2:0 g daily, for the exudative element of the retinopathy 
(Duncan, Cullen, Ireland, Nolan, Clarke, and Oliver, 
1968; Cullen, Town, and Campbell, 1974). During the 
subsequent three years there were vitreous haemorr- 
hages in both eves, and three years later the patient's 
visual acuity was reduced to counting fingers in the 
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Table I Blood glucose mmol/l (mg/100 ml) during tolerance tests of oral glucose, cortisone-augmented 
lbutamide 

















glucose, and to 
Oral glucose tolerance test Time ( hours) 
( mmoljl (mg/100 mi) ) F i 
Test 1 s'o (90)  97(175) 
2 4°9 (88)  84(152) 
Coriisone-augmented glucose 
tolerance test 
Test 1 5'9 (106) 113 (203) 
2 6:4(115) 12:5 (225) 
Tolbutamide tolerance test Time ( minutes) 
20 
s'o (90) 3:6 (65) 
Percentage decrease in blood 
glucose 28 


I 1i 2 24 3 

7°7 (138) 3°8 (68) 2748) — — 
11'4(206) 81 (146) 5:3(960 4:0(72)  27(48) 
10'8 (194) 7:7 (138) 47(85 4:0 (72)  27(48) 
ir:1 (200) 5°: (92) 51 (92) — er 

30 

3:1 (55) 

38 





right eye but remained at 6/36 in the left despite two 
further vitreous haemorrhages. The Figure shows the 
current retinal appearances in the right eye with micro- 
aneurysms, haemorrhages, extensive hard exudates, 
and fibrosis. ‘There had been a further vitreous haemorr- 
hage in the left eye making photography impossible. 
The standing blood pressure is 200/100—180/90 mmHg 
and her weight has decreased by 12 kg. Random fasting 
and postprandial blood glucose values have been 
checked frequently and have remained well within the 
normal limits (range 3:6—5:8 mmol/l) (65-104 mg/1oo ml) 
during this period and 2 repeated cortisone glucose 
tolerance test was similar to that obtained originally 
(Table I). 


Discussion 


There is a paucity of reports of typical diabetic 
retinopathy in patients with normal glucose 
tolerance (Table II) which might be expected to 
occur more commonly if biochemical end histo- 
logical abnormalities precede glucose intolerance 
as has been frequently observed (Siperstein and 
others, 1966, 1968, 1970; Cerasi and Luft, 1967; 
Camerini-Davalos and Cole, 1970; Goto and others, 
1970; Soeldner and others, 1971). 

Typical diabetic retinopathy at the time of 
diagnosis is, however, well recognized and has been 
variously reported as occurring in 4 to 15 per cent 
of patients (Waite and Beatham, 1935; Lawrence, 
1951; Aarseth, 1953; Lundbaek, 1955; Kornerup, 
1958; Pyke and Roberts, 1959; Soler, Fitzgerald, 
Malins, and Summers, 1969). In such cases the 
diabetes has probably been long standing and 
undiagnosed because of the mildness or absence of 
symptoms. Indeed, it has been calculated that for 
persons diagnosed over the age of 50 years, the 
mean length of time between the appearance of 


impaired carbohydrate tolerance and diagnosis is 
at least ro years (Anderson, 1966). 

There have been reports of minimal capillary 
basement membrane changes in various tissues 
such as ear lobe (Camerini-Davalos, 1965) and 
muscle (Siperstein and others, 1966, 1968, 1970) in 
*pre-diabetics'. The demonstration of impaired 
insulin release in the close relatives of diabetics 
who have normal standard glucose tolerance 
(Cerasi and Luft, 1967), suggests that biochemical 
abnormalities may be present for some time before 
the development of overt diabetes and it is possible 
that the basement membrane changes are secon- 
dary to these. However, Bloodworth, Engerman, 
Camerini-Davalos, and Powers (1970) also using 
thigh muscle biopsies found no difference between 
the capillary basement membrane thicknesses in 
‘pre-diabetics’ and their controls. Østerby (1970, 
1972) failed to demonstrate significant basement 
membrane thickening in glomerular capillaries 
from recently diagnosed young diabetics, in whom 
the date of onset of diabetes could accurately be 
obtained. By studying successive renal biopsies 
during the next 2} years, however, she showed 
8 progressive increase in basement membrane 
thickness. 

The patient we describe had a retinopathy 
which showed the typical combination and distri- 
bution of features characteristic of diabetes and 
with no evidence of veno-occlusive disease, hyper- 
viscosity syndromes, retinal vasculopathies, or 
other conditions known to produce changes which 
may resemble diabetic retinopathy. The fact that 
a sister, with confirmed diabetes, had similar retinal 
changes at diagnosis may indicate an enhanced 
familial predisposition to diabetic retinopathy. In 
such cases the patients are probably latent diabetics, 
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FIGURE Retinal photographs showin 
microaneurysms. haemorrhages, hard 


exudates. and fibrosis in the right 
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Table I Reports of patients with normal glucose tolerance and typical diabetic retinopathy 


FH of Retinal Other 
Reference Sex Age diabetes appearance angiopathy Comments 
Collens and others, Male 42 Yes Hard exudates, Nodular Obese. BP 180/100. 
(1959) microaneurysms, glomerulo- Diabetes diagnosed 
haemorrhages sclerosis 17 years before, but 
GTT normal at time 
of report. Abnormal 
cortisone-augmented 
GTT 
Levine (1961) Female ‘early ? Haemorrhages — 8 GTT + cortisol. 
forties' proliferation 1 abnormal 
Linner and others, Female 60 Yes Microaneurysms No typical Normotensive 
(1965) and dot diabetic 
haemorrhage, features on 
small hard renal biopsy 
exudates i 
Johansen (1969) Male 65 Yes Microaneurysms Diffuse Diabetes diagnosed 5 
blob haemorrhages glomerulo- years before when 
and new vessels sclerosis patient obese. GTT 
normal, but became 
abnormal after weight 
gain 
Siperstein (1969) Female 54 Yes Microaneurysms Quadriceps GTT normal on 
and haemorrhages muscle repeated testing 
biopsy 
showed 
increased 
capillary 
basement 
membrane 
thickness 
Present case Female 62 Yes Microaneurysms and — ` Obese. BP 190/110 
blob haemorrhages 
hard exudates, 
new vessels 





in whom retinopathy has been discovered during a 
period of natural or induced remission when 
standard glucose tolerance has reverted to normal. 
In the patient described genetic predisposition, 
the exacerbating effect of hypertension (Kornerup, 
1958; Hollenhorst, 1962; Field, .1970), and insulin 
resistance caused by obesity may have been 
contributory factors. 


Summary 
A case is reported of a patient with typical diabetic 
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Corneal neovascularization treated with argon laser 


PAUL M. H. CHERRY! ann ALEC GARNER? 
From the Pocklington Eye Transplantation Research Unit, Toronto, and the Pathology Department, 


Institute of Ophthalmology, London? 


Corneal neovascularization can be troublesome, 
especially in an eye which is to have a corneal graft. 
A corneal transplant is more likely to be rejected 
in a vascularized than a non-vascularized cornea. 
In this and many other clinical situations, there- 
fore, it is desirable that corneal new vessels be 
obliterated. Many treatments have been suggested, 
including corticosteroids, irradiation,  thiotepa, 
cryotherapy, photocoagulation, cysteine, chon- 
droitin sulphuric acid, and dextran. One of us 
(PMHC) was, we believe, the first to report the use 
of the argon laser in the treatment of corneal 
neovascularization in man (Cherry, Faulkner, 
Shaver, Wise, and Witter, 1973). This was an 
open trial in four patients, two with chemical 
burns of the cornea and two with herpes simplex 
keratitis. ‘There were two failures, one success, 
and one partial success. It was impossible to draw 
any definite conclusions from so few cases, and it 
was therefore decided to embark on a controlled 
trial in rabbits. 


Materials and methods 


One of the eyes of each of 11 pigmented Dutch rabbits 
were used as both case and control. Each animal weighed 
about 2 kg. Two 7’ o” or 8’ o’ black silk sutures were 
placed in the cornea about 3 mm in from the limbus, 
one at 10 o’clock and one at 2 o’clock. The animals 
were anaesthetized with intravenous sodium pento- 
barbitone. Usually the cornea was perforated during 
suture placement with slight resultant loss of aqueous 
and shallowing of the anterior chamber. In every case 
the chamber quickly re-formed and no anterior syne- 
chiae to the corneal perforation ensued. The sutures 
were used as the stimulus for corneal new vessel forma- 
tion, which took about three weeks to reach the sutures 
from the limbus. When neovascularization was adequate 
the sutures were removed. Corneal fluorescein angio- 
grams were then obtained under anaesthesia to docu- 
ment accurately the position of the vessels and deter- 
mine which were arteries and which were veins. A 
modified Zeiss photoslit lamp camera was used for the 
angiography with a Balzer interference excitation 
filter (FITC 4) and a Kodak Wratten 15 barrier filter. 
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Because of the positioning of the sutures two sectors 
of vessels were stimulated, one from the upper nasal 
limbus and the other from the upper temporal limbus. 
Two sectors of vessels in the same eye were needed 
so that one could be used as a control and the other as 
the argon-treated area. The argon laser therapy was 
performed under sodium pentobarbitone anaesthesia 
and repeated at intervals of several days until the 
vessels were completely occluded. (Only one animal, 
no. 2, was killed before the treated vessels were occluded. 
This was done deliberately to obtain some histological 
specimens very soon after argon laser treatment.) 

The technique of laser therapy was as follows. 
Both arteries and veins were treated as they crossed 
the limbus and 2 to 3 mm to the corneal side of the 
limbus. The first treatment of each vessel was ‘down- 
stream’ and the second ‘upstream’, thus trapping a 
column of blood which was able to absorb subsequent 
treatment of the vessel between these two points. 
Intravenous fluorescein was usually given immediately 
before the argon laser therapy so that more laser energy 
would be absorbed by the corneal vessels as they. were 
being treated (Kohner, personal communication). 
Intravenous fluorescein was repeated during the treat- 
ment session to document the success or failure of each 
stage of the treatment. When the treated sector of 
corneal vessels was occluded the fluorescein angiograms 
were repeated at intervals of several days to make sure 
that the control vessels were still patent. The iris 
damage during the experiment was also documented 
with fluorescein angiography until the changes were 
stabilized. The instrument used for the, argon laser 
therapy was manufactured by Coherent Radiation, 
Palo Alto, California, USA. The settings were usually 
504m spot size, 0'2 8 exposure time, and 150 mW energy 
(see Table). 

When the animals were killed their treated eyes were 
enucleated for histopathological study. Just before 
some of the animals were killed the pupil of the 
treated eye was dilated and the fundus examined with 
the indirect ophthalmoscope to determine if there was 
any visible retinal damage. No damage was found. 


Results l 


The results are summarized in the Table. The 
argon laser was effective in obliterating corneal 
new vessels, provided a continued stimulus for 
revascularization of the cornea was not present. 
An active stromal infiltrate in the area of the suture 
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Table Results of Argon laser treatment of corneal neovascularization in 11 pigmented Dutch rabbits 
ORADAN AARAA AAAA EASRA AtRABS SS hl OV EERIE HPCE NHC 


Rabbit 
"o. 


II 


9 


ig 


11 


Sutures 
removed 
on day: 


o 


on days: 


Argon 
laser 
treatment 


16 


o, 3, IO, 
13, 17, 
42 


o. 7, IO 


11, 21 


3+ i4 


7, 14, 15 


3 7, V4 


No. of 





i 


tad 


ed 


od 


No. of 
shots 
at each 

treatments treatment 


Poscer 
setting 


(mW) 


272 at 100 

92 at 200 
1350 at 250 
226 at 300 


749 


2253 at 150 
3586 at 250 


r00 


987 at 1350 
4t at 250 
10251 
664 at 150 
316 at 200 
930 


130 


Animal 
killed 
on day : 


154 


zo 


- 
“J 


91 


ta 
E 


ha 
un 


Control 
vessels 
patent at 
death of 


animal 


No (gone 
by day 
132) 


Yes 


No (gone 
by day 
69) 


Yes 


Yes 


Yes 


No (gone 
by dav 
14) 


Yes 


Yes 


Yes 


Yes 


*Rabbit deliberately killed before occlusion to study histopathology very soon after argon laser treatment, 


tForty-one burns were at 100 um spot size not 50 um 
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Nasal 


Nasal 
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Nasal 
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scar was apparent during the sessions of argon laser 
therapy in rabbits 3 and 8, and these were the two 
animals which required the greatest number ot 
laser shots (2869 and 4322 at six and three treat- 
ment sessions respectively). In both these animals, 
however, the laser-treated sector was successfully 
occluded after the suture scar inflammation had 
resolved. 

When occluding the vessels an effort was made 
to use the minimum amount of argon laser energy 
possible, thus limiting the iris damage. The mini- 
mum spot size (so um) was used (except for 41 
shots of 100 um spot size in rabbit 9) together with 
an exposure time of o:2 s: 150 mW of energy was 
usuallv selected, but 100, 200, 250, and 300 mW 
were occasionally used. Rabbit 8 had only 100 mW 
treatment, and we suggest that this power meter 
setting is adequate so long as no stimulus for 
revascularization of the cornea remains. 

We hoped that it would be enough to treat only 
the arteries and that the veins, deprived of their 
blood supply, would then spontaneously regress. 
But this was not found to be the case in rabbit 11 
(Figs 1-5), in which all arteries in the treated sector 
were successfully obliterated by day 3 after suture 
removal: the veins were not treated. However, when 
examined on day 8 the vein marked V, was carrying 
blood to the suture scar from the limbus and had 





FIG. 1 


Rabbit 11. Pretreatment photograph of 2 
o'clock sector of vessels. Vi, Va, and V4 are veins 





Rabbit 11. Pretreatment fluorescein angiogram, 
right eve, shoting 2 i ‘clock sector of vessels in artertal 


phase 


FIG. 2 


thus become the afferent part of a venous loop. Ve 
was obliterated with the argon laser on day 5. 
The rabbit was next seen on day 11, when Va was 
the afferent limb of a venous loop and V, the 
efferent limb (Fig. 5). By this time the vessels 
were of very fine calibre and V, and V, sponta- 
neously disappeared by day 14. Thus, two examples 
of retrograde flow were demonstrated in this 
rabbit, and it is therefore not sufficient. to treat 
onlv arteries when attempting to obliterate corneal 
new vessels. 

therapy 
Huorescein was given intravenously to ensure that 


Before each session of argon laser 
maximum laser energy would be taken up by the 
corneal blood vessels (Kohner, personal communi- 
cation). The smaller and less obvious vessels 
could also be visualized and therefore treated. 
Additionally, fluorescein given intravenously several 
times during each treatment helped to show when 
the vessels had been occluded. 

Apart from in rabbit 2, the laser therapy even- 
tually closed all the treated sectors of vessels. ‘This 
rabbit was purposely killed four days after the 
first and only session of laser therapy in order that 
histopathology of the acute lesion might be ob- 
served. In the remaining ro rabbits the average 
number of treatment sessions required to obliterate 


the vessels was 3-1. The animals were then ob 
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served for varving periods before being killed to 
make sure that the control vessels remained patent 
and did not disappear spontaneously, The control 
vessels in rabbits 1, 3, and 7 did disappear spon- 
taneously at days 118, 27, and 7 respectively after 
successful occlusion of the treated vessels. The 





FIG. 3 Rabbit 11. Fluorescein angiogram day 1 


after argon laser treatment. ' V4'' 1s afferent limb ana 
V, efferent limb of a venous loop. ‘Vg’ has fille 
from limbus and is beginning to empty into | 


control vessels of the other rabbits remained 
patent until the were killed. 

Changes in the iris were observed at the tim 
laser application in all animals. Energy not absorbed 


by the corneal blood vessels reached the iris and 





caused a pigment disturbance on the surface. A 
FIG. 3 As for Fig. 2 showing 2 o'clock sector of vessels black patch appeared on the surface of the 1 
in venous phase. V,, Vs, and V, are veins underneath the treated vessel and sometimes thi 
iris. surface became slightly excavated, but | 
about two months the excavation was almost 
imperceptible and the hyperpigmentation of the 
black patch was less marked. In rabbit : thes 
iris changes were accompanied by very slight 
ectropion uveae. 

Fluorescein angiography was performed on thi 
non-vascularized eve of rabbit 9 two to three 
hours after the application of 601 (108 mM 
so um, o2 s) argon laser burns to the iris (Figs 
6-9). The black patches did not fluoresce, the 
pigment, acting às à curtain, preventing fluor: 
cence from the underlying iris stromal vessels 
Dots of fluorescein leakage, however, appeared 


from many iris vessels, including those at 


edge of the black patches, within 30 seconds of 
intravenous fluorescein injection (Fig. 8), and 


these dots slowly increased in size. There was 
a massive outpouring of aqueous trom the ciliary 
body. Thirty to 60 seconds after intravenou 





Huorescein Injection Huorescent aqueous  startei 
to enter the anterior chamber through the pupil 


FIG. 4 Rabbit 11. Photograph day 11 after argon 


laser treatment. Veins V, and V 4 are only vessels 
remaining patent be seen in blue light because of the large amount of 


and after about five minutes the iris could hardh 


' 
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riG. 6 Rabbit 9. Photograph of right eve two to 
three hours after application of 601 (100 mW, 50 um, 
o:2 s) argon laser burns to iris (corneal vessels not 
induced in this eve). Note black patches of iris damagi 





FIG. 7 As for Fig. 6. Black patches of iris damage 
mask fluorescence (15 s post-injection) 


Huorescent aqueous in the anterior chamber. The 
rabbit’s other eye was used for comparison and 
there the entry of fluorescent aqueous into the 
anterior chamber via the pupil was much less. 
Three days after the application of the laser the 
amount of aqueous produced by the ciliary body 
was much less, and a week after the laser treatment 
it had returned to normal (Fig. 10). The focal iris 
leakage seen two to three hours after treatment 
(Figs 8, 9) had ceased. 


PATHOLOGY 


‘The corneal blood vessels seen in histological 
sections were generally in the superficial stroma 


immediately beneath the epithelium, although in 
three animals (1, 4, and 7) vascularization was more 
obvious in the deep or midstroma. The vessels on 
the treated side of the cornea were variably sur- 
rounded by scanty macrophages, lymphocytes, and 
proliferated fibrous scar tissue. In most instances 
the vessel would appear to have been completely 
destroyed (Fig. 11a, b), while occasional less 
severely damaged vessels were occluded by throm- 
bus. Two corneae (rabbits 8 and 10) showed small 
solitary aggregates of necrotic debris associated 
with trivial leucocytic infiltration between Desce- 
mets membrane and the lining endothelium 
(Fig. 12). These probably represented the site of 
perforation into the anterior chamber of the sutures 
inserted into the cornea to induce vascular in- 
growth. 

Iris lesions were included in the sections of four 
eves (rabbits 2, 8, 9 (right eye), and r1). In each 
case they presented as minute foci of stromal 
pigment disturbance which had given rise to tiny 
accumulations of melanin-laden macrophages near 
to the anterior surface of the iris (Fig. 116). There 
was no sign of residual necrosis or inflammation, 
and the pigment epithelium on the posterior 
surface of the iris was intact in every instance. 


Discussion 


The power of the argon laser is confined to the 
green and blue regions of the spectrum with 8o 
per cent of the total confined to two wavelengths, 
3145 A (green) and 4880 A (blue) (Campbell, 
Rittler, Swope, and Wallace, 1969). Energy at 
these wavelengths is transmitted by the optical 
system of the eve with relatively low absorption 
and therefore high efficiency (Mever-Schwickerath, 





FIG. 8 


As for Fig. 6. Dots of fluorescein leakage 
from many iris vessels including those at edge of black 
patches (30 5 post-injection) 


1960). Pigment epithelium absorbs a high degree 
of energy at these wavelengths, and a significant 
portion of the energy is also absorbed by blood 
William, Chan, Ham, 
Schmidt, 1962). 


(Geeraets, Guerrv, and 
The argon laser was effective in occluding 
suture-induced corneal new vessels, the sutures 
having been removed before treatment with the 
laser. In rabbits 3 and 8 an active infiltrate of the 
stromal suture scar remained after suture removal. 
and the argon laser did not occlude the vessels in 
these animals until the inflammation subsided. 
We therefore suggest that the argon laser can 
occlude corneal blood vessels in rabbits so long 
as there is no, or very little, stimulus remaining 
for revascularization. In these optimum circum- 
stances very little laser energy has to be used to 
occlude the vessels (50 um, 100-150 mW, o2 s). 

The most obvious complication of argon laser 
therapy in these 11 Dutch rabbits was damage to 
the iris, This must particularly be borne in mind 
because of the iris route of corneal graft rejection 
(Jones, 1973). If the argon laser is to be used 
extensively to occlude corneal new vessels in 
man we think it will be to occlude corneal new 
vessels before keratoplasty. Therefore if argon laser 
therapy to corneal vessels is complicated by an 
increased chance of corneal graft rejection by 
the iris route it must surely be discarded as a 
means of treating corneal new vessels in these 
circumstances. Black iris patches, ‘shadows’ of 
the treated corneal vessels, appeared immediately 
on treating the vessels in our Dutch rabbits and 
were caused by any laser energy not taken up by 
the corneal vessels. 

Unger, Perkins, and Bass (1974) showed that 
laser irradiation of the iris in pigmented Dutch 
rabbits is followed by a transient increase in 
intraocular pressure of up to 45 mmHg within 10 
minutes, with a return to normal within 2 hours. 
They suggested that this increase is mediated by 
E-type prostaglandins. They also found a break- 
down of the blood-aqueous barrier with increased 
permeability to plasma proteins occurring in the 
ciliary processes and not in the iris. Fluorescein 
angiography performed in our experiment con- 
firmed the findings by Unger and others (1974). 
Angiograms two to three hours after the laser 
treatment showed no fluorescence through the 
surface black patches on the iris but there were 
focal dots of fluorescent leakage from many iris 
vessels, including those at the edge of the black 
patches (Figs 8, 9). This leakage persisted for a 
few days but had always resolved within a week. 
There was also massive outpouring of fluorescent 
aqueous from the ciliary processes, through the 
pupil, in the fluorescein angiograms two to three 
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FIG. 9 As for Fig. 6. Fluorescent aqueous beginning 
to pour into anterior chamber through pupil. Dots oj 
fluorescein leakage from many tris vessels includin 

those at edge of hlack patches. Black patches of iris 


damage mask fluorese ence (45 § post -1nyi efron) 


SET —— oum 





Rabbit €}. Fluori scein angrogram of rig 


FIG, IO 

eye seven days after argon laser treatment to iris 

Black patches of tris damage mask fluorescence. Thor 
I 


is now no joi al le akag of fluori scein from the iris 


vessels (about 1 min post-injection) 


hours after laser treatment. The intraocular pres- 
sure was not measured at this time or immediatel\ 
after laser treatment, but presumably it was 
transiently raised. The breakdown of the blood- 
aqueous barrier resolved slowly and was also back 
to normal within a week. 

Histopathological examination of the iris lesions 
showed minute foci of stromal pigment distur 
bance which had given rise to tiny accumulations 


of melanin-laden macrophages near the anterior 
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surface of the iris (Fig. 11c). There was no sign of 
residual necrosis or inflammation and the pigment 
epithelium on the posterior surface of the iris was 
intact in every instance. This suggests that the iris 
damage stabilizes about one week after argon laser 
treatment of corneal blood vessels in pigmented 
Dutch rabbits and should not, therefore, neces- 
sarily contraindicate the use of the argon laser to 
treat corneal blood vessels in patients being con- 
sidered for keratoplasty. The corneal vessels could 
be occluded about two weeks before the proposed 
keratoplasty, thus allowing the iris time to stabilize 
before the operation. It must also be mentioned 
that further work by Unger and Brown (personal 
communication) has shown, so far, that the blood- 
aqueous barrier in humans is much more stable 
after ruby laser therapy of the iris than that of 
pigmented Dutch rabbits. 

The following technique of argon laser treatment 
of corneal new vessels is recommended. 

t. Suppress the corneal lesion which is stimu- 

lating the neovascularization with appro- 
priate treatment, thus reducing the stimulus 
for revascularization to a minimum. 
Perform intravenous fluorescein angiography 
at the time of laser therapy in order to 
determine which of the corneal vessels are 
arteries and which are veins and to visualize 
easily the smaller vessels. Furthermore, with 
fluorescein in the vessels at the time of laser 
therapy the energy absorption by the vessels 
is increased (Kohner, personal communica- 
tion). 

3. Set the argon laser at 100 mW, 50 um, 0:2 $ 
and treat the corneal arteries about 3 mm in 
from the limbus, and then 'upstream' at 
the limbus. Having isolated a column of 
blood in this manner, treat between these 
two points on all the arteries until the 
arteries are obviously occluded and the blood 
flow in the veins therefore stagnant. The 
laser power can be increased to 150 mW, but 
it should not be necessary to use a greater 
power. 

4. The retrograde flow in the veins (Figs 2-35) 
is at first very sluggish, taking about a day to 
become fully established. Even then, the 
calibre of the venous loop vessels is always 
less than before the arteries were occluded, 
However, this retrograde flow makes it 
necessary to treat all vessels rather than just 
the arteries. The veins are first treated at the 
limbus, then ‘upstream’ 3 mm in from the 
limbus, and then between the two points 
just mentioned. They need far fewer laser 
shots than the arteries. They are treated 
immediatelv after the arteries, when the 
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(ita) 


riG. 11 Rabbit 2. (a) Section showing occluded blood 
vessel in superficial stroma of cornea assoctated with a 
little reactive scar tissue formation, Underlying iris 
shows small shallow excavation lined by pigment-filled 
macrophages : iris otherwise intact. Haematoxylin and 
eosin. > 92. (b) and (c) Higher magnifications of 
occluded corneal vessel and iris lesion seen in (a). 
Haematoxylin and eosin. 150 
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blood flow in the veins will be stagnant or 
very sluggish. 

If retreatment of the vessels 1s necessary 
some days later it should be in a similar 
manner to the first treatment session, but 
fewer laser shots should be needed to occlude 
all corneal vessels at the second and any 
subsequent treatment sessions. 


"un 
* 


Summary 


The argon laser set at 50 um, 100-150 mW, o2 s 
occluded corneal blood vessels in pigmented Dutch 
rabbits provided the corneal lesion responsible 
for inducing vascularization was inactive. After 
arterial treatment with the argon laser retrograde 
flow in untreated veins was demonstrated by 
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fluorescein angiography. Therefore all corneal new 
vessels should be treated, not just arteries. Minimal 
iris damage complicated the laser therapy, but this 
was not thought necessarily to contraindicate the 
use of the argon laser to treat corneal blood vessels 
in man. The iris damage was associated with 
outpouring of aqueous from the ciliary processes, 
and it took up to a week for the blood-aqueous 
barrier to return to its normal state. 
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Spheroidal degeneration of cornea and conjunctiva 


A. GARNER, F. T. FRAUNFELDER,* T. C. BARRAS, ann E. N, HINZPETERt 


University of London, and the External Disease Unit, Moorfields Eve Hospital, London 


Small golden to yellow spherules in the cornea and 
conjunctiva have now been seen in people in everv 
continent. There are, however, variations in the 
size, distribution, and number of the deposits, 
governed probably by environmental and nutri- 
tional factors, the duration of the condition, and 
the presence of other corneal lesions. Spheroidal 
deposits occurring in a band-shaped pattern across 
the central cornea are most common in regions in 
which the eyes are exposed to climatic extremes and 
the traumatic effects of wind-blown sand or ice 
(Bietti, Guerra, and Ferraris de Gaspare, 1955; 
Freedman, 1965; Freedman, 1973b; Rodger, 
1973; Young and Finlay, 1975). In geographical 
areas subject to much sunlight but spared the 
traumatic effects of wind-blown sand or ice it is 
common to see other concomitant corneal or 
conjunctival lesions, particularly pingueculae (Klint- 
worth, 1972; Fraunfelder and Hanna, 1973), while 
in countries blessed with little actinic radiation 
this may almost be the rule (Garner, 1970, 1972). 
The prevalence of spheroidal degeneration in 
temperate climes characterized by low levels of 
sunlight has, however, not been reported, and the 
purpose of this paper is to document its incidence 
in the cornea and conjunctiva as seen in an English 
eve hospital and to comment on its association 
with pinguecula. 


Patients and methods 


From January to July 1975 almost 1000 random patients 
seen in the outpatient clinic at Moorfields Eye Hespital, 
London, were examined using a slit lamp for the pres- 
ence of corneal or conjunctival droplets (Fig. 1). 
Patients who had not spent at least three-quarters of 
their lives in Britain were excluded from the study. 
Photographs were taken using a macro camera (Brown 
1970) and a Zeiss photoslit lamp. 

Thirty-two eve bank eyes and five corneas known to 
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contain spheroidal deposits were examined histologi- 
cally, the tissue being fixed in formol saline and embed- 
ded in paraffin wax. Staining procedures included 
haematoxylin and eosin, Verhoeff-van Gieson, orcein, 
and Gomort’s aldehyde fuchsin on untreated sections 
and sections predigested for six hours with pancreatic 
elastase (Fullmer, 1960). 


Results 


The prevalence of conjunctival and corneal spheroi- 
dal droplets at various ages 1s shown in Fig. 2. The 
overall prevalence was 6:5 per cent with a predomi- 
nance of males in patients over 50 years old in the 
ratio of 7 men to 3 women. Droplets were four times 
more common in those who spent much of their 
time out of doors than in patients who lived pre- 
dominantly indoors. Analysis of the deposits 
according to the criteria introduced by Fraunfelder 
and Hanna (1973) showed that each of the 62 
affected patients had conjunctival droplets while 
12 also had corneal droplets. There was no sign of 
previous lesions in any of these patients. 
Histological study was directed primarily to the 
connexion between spheroidal droplets and the 
altered connective tissue fibres seen in the fre- 
quently associated pingueculae (Fig. 3). Nine of 
the eye bank eyes had conjunctival pingueculae 
and three of these also included spheroidal deposits. 


with each of the elastic stains used, and whereas 
pretreatment with elastase had minimal effect on 
the subsequent response to Verhoeff's stain or 
Gomori's aldehyde fuchsin technique it usually 
prevented staining with orcein (Figs 4 to 6). The 
spheroidal droplets, on the other hand, failed to 
react with either orcein or aldehyde fuchsin irres- 
pective of predigestion with elastase. Their positive 
response to Verhoeff's stain was also unaffected bv 
elastase (Fips 7 to 9). The results are collated in 


Table I. 


Discussion 
EPIDEMIOLOGY 


A comparison of the English data with the results 
of an American study in the State of Arkansas 
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FIG, 1 Clinical photograph showing multiplie droplets at corneal periph ry 


conducted according to the same criteria (Fraun- 
felder and Hanna, 1073)! shows a considerable 
difference at all ages in the prevalence of spheroidal 
degeneration (Fig. ro). Of the environmental 
factors that were considered in the aetiology of the 
deposits only. the amounts of actinic radiation in 
Arkansas and Britain are significantly different. 


This, together with the finding that a majority of 
the English patients with droplets spent much of 


their lives out of doors, supports the suggestion 
that exposure to sunlight is of pathogenic import- 
ance, Other geographical areas where the preva- 
lence of spheroidal degeneration is high also have, 
among other things, much sunlight. (Table IH). 
Possibly the prevalence of the deposits in the general 
population in England is less than would seem 
from our data since our study was undertaken on 
Outpatients to an eve hospital, who were therefor 


a selected group. 


PATHOLOGY 


Several workers have commented on the con- 
comitance of spheroidal degeneration in the cornea 
and pinguecula (IEklintworth, 1972; Fraunfelder 


and Hanna, 19073! and their similar staining proper- 


\lbert, 


1973; Rodrigues, Laibson, and Weinreb, 1975). 


tics (Brownstein, Rodrigues, Fine, and 


Since apparently identical deposits have long 


heen known to occur in the conjunctival tissue 


overlying pingueculae (Fuchs, 1891; Parsons, 


1904; Hogan and Zimmerman, 1962; Klintworth, 


19072) 1t has been proposed that both corneal and 
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FIG. 3 Section showing hyaline droplets immediately beneath epithelium of corneal periphery associated with coarse 
degenerate fibres of a bulbar conjunctival pinguecula. Verhoeff-van Gieson. 115 





(4a) 


FIG. 4 Pinguecula. (a) Pseudoclastic fibres stain intensely with Verhoeff's haematoxylin, (b) Pretreatment with elastas 
for 6 hours partially inhibits staining reaction but coarse convoluted fibres continue to react, Verhoeff-van Greson TIL 


conjunctival droplets are the result of degenerative 
changes in the stromal collagen (Klintworth, 
1972; Brownstein and others, 1973; Christensen, 
1973; Rodrigues and others, 1975). This concept 
has much in its favour. Our finding, however, that 
despite a common propensity to stain by Verhoeff's 
procedure for elastic the ability of pingueculae to 
react with other elastic stains such as orcein and 


aldehyde-fuchsin is not shared by the spheroidal 
deposits, does suggest that the transition from 
degenerative collagen to spheroidal droplets is 
due to more than a simple process of fibrillar disin- 
tegration. Adequate explanation of these staining 
differences requires a better understanding of the 
elastotic change seen in pinguecula formation and 
more information concerning the chemistry. of the 
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FIG. 


5 


British Journal of Ophthalmology 


Pinguecula. Abnormal fibres stain blue with 
aldehyde-fuchsin and, apart from some less coarse fibres, 
are essentially unaffected by elastase. 


aldehyde-fuchsin, © 195 


Gomori’ s 


staining reactions, but they do point to a difference 
in composition between the deposits and elastotic 
collagen. The earlier finding of tryptophan and 
appreciable amounts of tyrosine and sulphur- 
containing amino-acids in the deposits (Garner, 
1970; Klintworth, 1972; Brownstein and others, 
1973; Garner, Morgan, and ‘Tripathi, 1973) 
underlines this disparity, since these amino-acids 
are either absent or minimal in elastic tissue and 
collagen. ‘The electron microscopy studies of 
Hanna and Fraunfelder (1972) may be relevant in 
this context, since they concluded that the spheroi- 
dal droplets represent the condensation of a 
granular material secreted by abnormal fibrocytes 
and deposited on collagen fibrils. Hogan and 
Alvarado (1967) have also commented on the 
presence of a non-collagenous protein in the 
spheroidal deposits. The addition of a second 
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(6a) 


Pinguecula. Positive staining with orcein largely prevented by predigestion with elastase. (a) Without elastase : 


(b) wrth elastase. Oreetn, > 193 


(65) 





FIG. 7 
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(7a) 


(7b) 


Spheroidal droplets in cornea stain intensely with Verhoeff's haematoxylin and are unaffected by pretreatment 
with elastase. (a) Before elastase ; (b) after elastase. Vi rhoeff-van Gieson. 195 


protein, from whatever source, to the altered 
collagen fibres of a pinguecula (or to altered corneal 
stroma) might account for the somewhat different 
staining properties. 

With regard to the staining properties of the 
pingueculae themselves, it is to be noted that we 
observed variable but generally marginal loss of 
ability to react with Verhoeff's haematoxylin and 
aldehyde-fuchsin as a result of predigestion with 
elastase and complete inhibition of orcein staining 
in such preparations, This effect of elastase is at 
slight variance with the usual statement that the 
fibres of a pinguecula are resistant to this type of 
enzymatic activity (Cogan, Kuwabara, and Howard, 
1959) and is not easily explained, although it is of 
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FIG. g Section of spheroidal droplets in cornea showing 
absence of staining with orcem. © 195 


interest that Lever (1967) states that elastotic 


fibres in the skin are digested. 


NOMENCLATURE 


Increased interest on the part of a number of 
investigators coupled with a persistent lack of 
crucial data has led to a profusion of names for the 
hyaline deposits. The term keratinoid, introduced 
by Garner (1970, 1972), has not found general 
acceptance and, in the light of subsequent evidence 
linking the deposits with elastotic degeneration of 
collagen, is probably best abandoned. Some recent 
terms such as proteinaceous degeneration (Chris- 




















FIG. 8 In contrast to fibres of pingueculae, spheroidal tensen, 1973) are JUS COME whereas others, 
droplets do not react with Gomori's aldehyde-fuchsin. such as actinic (Klintworth, 1972) or climatic 
- 130 (Freedman, 1973a) keratopathy, are not only 
Table I Staining reactions for elastic tissue in patients with pingueculae and/or corneal droplets 
Pingueculae Spheroidal droplets 
Before elastase After elastase Verhoeff 
Case —— — — - Aldehyde- Orcein 
no, Aldehyde- Aldehyde- Before After fuchsin 
Verhoeff fuchsin Orcein Verhoeff fuchsin Orcein elastase elastas: 
I 
2 r 
3 
4 | 2 
5 
h 
7 4 
5 
9 : - 
10 
11 
12 
13 - 
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unproved but are also unduly restrictive since 
they do not account for the corneal deposits secon- 
dary to other corneal disease. Until the nature 
of the deposits is known and their aetiology sub- 
stantiated it may be better to use a purely descrip- 
tive term such as spheroidal degeneration or 
droplet keratopathy. 


Summary 

A study of almost rooo outpatients at a London 
eye hospital showed the presence of asymptomatic 
yellowish, spheroidal deposits in the peripheral 
cornea or conjunctiva, or both, in about 6 per cent, 
with a preponderance of males and older subjects 
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Great Britain 
United States 


Percentage of patients 





Age M O-3O 3l-4O 41-50 51-60 6061-7O Wt 
No. patients 278 1285 142 56 — 9036! 204385 132245 — 99265 


Spheroidal 2 O 84 279 12 1759 MI 
degeneration 


FIG. 10 Comparison of prevalence of spheroidal 
droplets in conjunctiva and/or cornea in Great Britain 
and United States of America at various ages 
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Table lI Reported prevalence of spheroidal droplets 
in various parts of the world (not age- or sex-matched) 
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Geographical general 
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(percentage) 
Dahlak Island, 57 Rodger, 1973 
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Nama, South-West 31 Freedman, J., 1973b 


Africa 
Arkansas, USA 18 Fraunfelder and 
Hanna, 1973 
Freedman, A., 1965 
Young and Finlay, 


1975 
Present study 


Labrador, Canada ri 
Labrador, Canada 14 


London, England 6 





among those affected. This prevalence is less than 
is observed in people in countries exposed to higher 
levels of sunlight. 

Histological study of the deposits showed some 
tinctorial similarities with the pseudoelastic fibres 
of pingueculae, with which they were sometimes 
associated, but also significant differences suggest- 
ing that the spheroidal deposits might be. a com- 
posite of degenerate collagen and a second non- 
collagenous protein. 

Until a more precise terminology is feasible we 
suggest that a purely descriptive name such as 
spheroidal degeneration or droplet keratopathy 
should be used to describe this entity. 
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Contact lenses at high altitude: experience 


on Everest south-west face 1975 


CHARLES CLARKE 
The Middlesex Hospital, London 


Although contact lenses have been worn for several 
decades by Alpine climbers, skiers, and civilian 
aircraft personnel there is no record of their use on 
expeditions to altitudes higher than 15 000 ft 
(4560 m), and in particular to Himalayan peaks 
where supplementary oxygen is required. Thus a 
record of the experience of those members of the 
British Everest Expedition who wore or tried to 
wear contact lenses at high altitude during the 
autumn of 1975 18 of interest. 


Subjects and results 


Five members were fitted with Permalenses during the 
spring and early summer and, after some initial problems 
with fitting, all became accustomed to wearing them 
continuously in Britain. One man climbed to 20 ooo ft 
(6080 m) in the Karakoram before the Everest expedi- 
tion and was able to use the lenses, and a second, a 
mountaineering camera man, had no difficulties with 
them during work in Europe. 

The 1975 Everest expedition may conveniently be 
divided into three stages. (1) The march across Nepal 
to base camp at 18 ooo ft (5472 m) in the monsoon 
weather of August. (2) The climb from base to camp 4 
on the south-west face at 24000 ft (7296 m). This was 
done without supplementary oxygen. (3) Work above 
24 000 ft, when oxygen was usually used while ascending 
and at a reduced rate while sleeping. 

During the three-week approach to base camp there 
was little reason to expect problems. The group were 
travelling in warm, moist weather with temperatures up 
to 35°C. This period served as a useful time to assess 
the motivation of the five climbers to continue to use 
the lenses on the mountain. Three had had great 
problems on previous trips with glasses misting up, and 
were thus keen to use them higher. One, on his own 
admission, was careless and found that he was unable 
to refrain from rubbing his eyes in the mornings: he 
lost the original pair of lenses and soon lost another 
pair. The other climber had had little trouble with 
glasses and found he simply preferred them. 

The second part of the expedition up to 24 000 ft 
was wholly on snow and ice, and by day everyone wore 
either goggles, a screen, or sunglasses with side pieces. 
Quite apart from the need to avoid snow blindness, 
the eyes were thus shielded from wind and spindrift. 
One of the three remaining lens users thought that his 
visual acuity was poorer than with glasses and, although 


vision on testing was 6/6 bilaterally, he preferred to 
remove the contact lenses. The other two lens users 
changed to spare lenses on two occasions during this 
three-week period after the lenses had slipped from the 
cornea during the night. Otherwise they found the 
lenses very acceptable. ‘These two climbers worked on 
the mountain above 24 ooo ft. The Blume-Robertshaw 
demand oxygen system was used by day with a close 
fitting mask which covered only the mouth and nose, 
while at night a looser polythene mask was used on a 
constant flow system. Both climbers finally stopped 
using the lenses at about 26 ooo ft (7904 m), each after 
several days. On one occasion a lens shipped in the 
night and there was moderate conjunctivitis. Of the 
remaining climber, our camera man, it is known that 
his lenses were uncomfortable and that he had reverted 
to glasses by the time of his death near the summit of 
Everest. These results are summarized in the Table. 


Table Duration of continuous wear of hydrogel 
contact lenses at high altitude 


Eee rer UHDUNUALBARIIPORIURERERUIERUARAHAURHA ASAA GRAIN URN PHIL LARA ARA DHT LA BAM ASA CAE TAG A rit A AUT 


Subject Periods of continuous wear Comments 


(days) 

A 4 (5000 to 8ooo ft) Initial pair lost after 
two days. Poorly 
motivated 

B 3 (5000 to Booo ft) Preferred glasses 

C 12 (5000 to 19 coo ft) Preferred glasses 

D (a) 40 (sea level to 18 ooo ft)* Lost lens in a bivouac 


Lens slipped at night 

Lenses uncomfortable 

Two changes of lenses 
during (c) 

‘Two changes when a 
lens slipped during 
night but no rest 
periods without lenses 


(b) 14 (5000 to 18 ooo ft)* 
(c) ro (20 000 to 26 ooo ft)* 


E Over so (sooo to 26 ooo ft) 


rn nn a ANON UB MAE RAPI RH EM INIM Ac SACRIS CEN AERÜFSA REV a 
*Rest periods of about z weeks each divided these continuous 
periods 


1o00 feet = 304 metres 


Discussion 


Although contact lens practitioners have commen- 
ted on the difficulties which wearers have in cities 
as low as Denver, Colorado (Harper, 1973), it is 
striking that two men on this expedition were able 
to use hydrogel lenses up to 24000 ft. The 
eyes of all members of the team were examined 
often (as part of a study of high altitude retinal 
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haemorrhages and to measure the intraocular 
pressure) and it was not clinically noticeable that 
the two long-standing contact lens wearers had 
more conjunctival injection than their colleagues. 
In both cases a limited examination of the cornea 
was normal. Illumination was provided by a slit 
light of a 12-volt Keeler Pantoscope and the 13D 
achromatic condensing lens was used as an objec- 
tive. The cornea was then stained with fluorescein. 

The ambient oxygen tension at 20 ooo ft is of 
the order of 65 mmHg and at 24 ooo ft 55 mmHg. 
At the summit of Everest it falls to about 45 mmHg. 
The minimum surface oxygen tension for normal 
corneal function is said to be of the order of 15 
mmHg (Fatt, 1971 and 1972; Polse and Mandell, 
1970) and it is interesting to speculate how nearly 
this critical level is reached at high altitude, particu- 
larly during sleep. We were surprised to find the 
lenses well tolerated by two climbers below 24 ooo ft 
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and doubtless they will be used again by high 
altitude mountaineers. 


Summary 

Five members of the British Everest Expedition 
1975 were equipped with hydrogel contact lenses. 
Some clinical observations are made about the 
performance of these lenses. Two men were able 
to use them up to an altitude of 24 ooo ft, where 
the ambient oxygen tension is of the order of 
55 mmHg. 


I thank Mr John Evans, of Global Vision (UK) Ltd, 
and Mr John de Carle for their help in supplying and 
fitting the lenses, and Professor Irving Fatt, of the 
University of California, Berkeley, Wing Commander 
Brennan, and Squadron Leader Denison of the Royal 
Aircraft Establishment for guidance. The ocular studies 
on Everest were financed by a grant from the Depart- 
ment of Neurological Studies, the Middlesex Hospital. 
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Acute endocrine exophthalmos 


PETER T. C. DOCHERTY 


From the North Staffordshire Royal Infirmary, Stoke-on-Trent 


The onset of endocrine exophthalmos is generally 
slow and any variations are gradual, However, it 
can develop suddenly (within minutes-—Dock, 
1915; overnight—Falta, 1913). When assessing 
the progress of exophthalmos, it 1s important to 
use an exophthalmometer, as the degree of chemosis 
and the variations in the width of the palpebral 
fissure can be deceptive. Many reports of dramatic 
changes in the degree of exophthalmos lack the 
support of exophthalmometric readings. 

It has been noted (Werner, 1966; Pinchera, 
Pinchera, and Stanbury, 1965; Liddle, Heysell, 
McKenzie, 1965; Eversman, Skillern, and Sen- 
hauser, 1966; Fox and Schwartz, 1967) that endo- 
crine exophthalmos may occur in the euthyroid 
state and in patients who have never had thyro- 
toxicosis. 





Case report 


A 60-year-old man presented at the ophthalmic unit 
as an emergency on 11 March 1975. He had a 24-hour 
history of pain, redness, watering, swelling, and some 
deterioration of visual acuity in the right eye. He also 
complained of double vision. There was no history of 
trauma. 

Ocular examination revealed a moderate degree of 
right axial proptosis. The visual acuity was 6/9. The 
conjunctiva was chemotic. No pulsation of the globe 
could be detected and the proptosis was virtually 
irreducible. There was no cranial bruit. Ocular move- 
ments of the right eye were grossly limited in all direc- 
tions with almost complete absence of elevation. The 
cornea was intact and lid closure was full. Visual acuity 
in the left eye was 6/6 and this eye appeared to be 
normal. Exophthalmometer readings were 22 mm 
right eye, 17 mm left. Visual field examination showed 
no field defect (Goldmann perimeter). Skull x ray 
revealed a soft-tissue mass in the right orbit. The 
carotid pulses and fundi were normal. 

General examination showed the patient to be rather 
sluggish, both mentally and physically, and he did 
not give a clear history of his illnesses. He did not seem 
to be unduly concerned about his eye condition. He 
had no fever and the pulse rate and blood pressure were 
normal. 


Address for reprints: P. T. C. Docherty, FRES, Senior Registrar, 
Ophthalmic Unit, North Staffordshire Royal Infirmary, Stoke-on- 
Trent, Staffordshire 


A routine urine analysis showed a level of 2 per cent 
sugar and a random blood sugar was found to be 
258 mg/roo ml. The patient then stated that he was a 
diabetic but ‘had got over all that now’. His medical 
records showed that he had been a known diabetic for 
4 years, controlled on 1000 calorie diet and one tablet 
of phenformin 50 mg daily. He had been a persistent 
defaulter from the diabetic clinic. 

The patient was admitted to the eye unit. In view 
of the findings, the possibility of a localized orbital 
cellulitis was considered, and treatment was started with 
local and svstemic antibiotics. 


12 MARCH 1975 


The proptosis in the right eye had increased, and, 
during the night, the left eye had also become proptosed, 
to an even greater extent than the right (Figs ra, 5, £). 
There was now chemosis on both sides and a marked 
restriction of ocular movements. The corneae remained 
intact, but lid closure was becoming difficult. Exoph- 
thalmometer readings were 24 mm right eye, 25 mum 
left. The intraocular pressure by applanation tonometry 
was 40 mmHg right eve, 28 mmHg left. Acetazolamide 
tablets 250 mg four times daily were added to the 
treatment. Because of the clinical picture now present- 
ing, a diagnosis of acute endocrine exophthalmos was 
made. 


13 MARCH 1975 


The chemosis was more marked and the patient had 
great difficulty in closing his eyes. The corneae were 
intact (Figs 2a, b, c). 

Treatment was started with systemic steroids, 
prednisolone 60 mg daily. Exophthaimometer readings 
were 24 mm right eye, 25 mm left. The visual acuity 
was 6/9 right eve, 6/12 left. Intraocular pressures 
were 36 mmHg right eve, 48 mmHg left. 


14 MARCH 1975 


The exophthalmos had further increased. The degree 
of chemosis was unchanged and the patient was still 
able to close both eves, but with extreme difficulty. 
Both corneae remained intact. Drops of adrenaline 1 per 
cent twice daily were instilled into each eye. The 
right visual field showed slight constriction and a 
fundus examination revealed early papilloedema on 
both sides. 

Exophthalmometer readings were 26 mm right eye, 
27 mm left. The visual acuity was 6/9 right eye, 6/12 
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(16) 


left. Intraocular pressures were 23 mmHg right eye, 
32 mmHg left. 

In view of the deterioration, it was felt that a decom- 
pression procedure might be necessary, and a consul- 
tation was arranged with a neurosurgeon for the next 
day. The dosage of prednisolone was increased to 120 
mg daily (Kinsell, Partridge, and Foreman, 1953; 
Werner, 1966; Wright, 1970). 


15 MARCH 1975 


A marked improvement was noted. The chemosis was 
much less, the ocular movements were less restricted, 
and the visual fields had returned to normal. The 
papilloedema noted on the previous day had disap- 
peared. 


VIG, t (a) Frontal view on 12 
March. (b) Right lateral view on 
12 March. (c) Left lateral view on 
12 March 


(1¢) 


‘Treatment was continued with 120 mg prednisolone 
daily. 

Exophthalmometer readings were 21 mm right eye, 
24 mm left. The visual acuity was 6/9 right eye, 6/9 left. 
Intraocular pressures were 22 mmHg right eye, 22 
mmHg left. 


16 MARCH 1975 


Improvement continued. The chemosis had nearly 
disappeared and the ocular movements were almost 
normal with a slight restriction of elevation. 

Exophthalmometer readings were 21 mm right eye, 
24 mm left. The visual acuity was 6/6 partial right eye, 
6/6 partial left. Intraocular pressures were 20 mmHg 
right eye, 21 mmllg left. 


FIG. 2. (a) Frontal view on 13 
March. (b) Right lateral view on 
13 March. (c) Left lateral view on 
13 March 





17 MARCH 1975 


Exophthalmometer readings were 20 mm right eye, 
23 mm left. The visual acuity was 6/6 partial right eye, 
6/6 partial left. Intraocular pressures were 17 mmHg 
right eye, 20 mmHg left. The dosage of prednisolone 
was reduced to 60 mg daily. 


19 MARCH 1975 


Exophthalmometer readings were 18 mm right eye, 
23 mm left. The dosage of prednisolone was reduced 
to 30 mg daily. 


21 MARCH 1975 


Exophthalmometer readings were 18 mm right eye, 
22 mm left. 
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24 MARCH 1975 


Exophthalmometer readings were 18 mm right eve, 
21 mm left. 


25 MARCH 1975 


The patient was discharged. He was prescribed predni- 
solone 20 mg daily, chlorpropamide 250 mg daily, and 
phenformin SR 50 mg twice daily. He was restricted to 
a 1000 calorie diet. 


4 APRIL 1975 


Exophthalmometer readings were 16 mm right eve, 


to 15 mg daily. 
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22 APRIL 1975 


The patient was reviewed at the ophthalmic unit. The 
chemosis had completely disappeared and the ocular 
movements were full (Figs 3a, b, c). Exophthalmometer 
readings were 15 mm right eye, 16 mm left. The visual 
acuity was 6/6 partial right eye, 6/6 left. The intraocular 
pressures were 16 mmHg right eve, 17 mmHg left. 
The dosage of prednisolone was reduced to 5 mg daily. 


30 MAY 1975 


Prednisolone was discontinued and the eyes remained 
normal. Exophthalmometer readings were 15 mm right 
eve, 16 mm left. The response is summarized in Fig. 4. 


INVESTIGATIONS 


Haemoglobin 
White blood count 
Blood urea 


16:7 g/100 ml 
ro 6oo/cm 
40 mg/100 ml 


ad 


FIG. 3 (a) Frontal view on 22 April. 
(b) Right lateral view on 22 April. 
(c) Left lateral view on 22 April 





(3c) 
Sodium 131 mmol/l 
Chloride 92 mmol! 
Potassium 3:6 mmol/l 
Creatinine 0:7 mg/100 ml 
CO, 21 mmol/l 
Blood glucose 258 mg 100 ml 
Bilirubin 1:5 mg/100 ml 
Cholesterol 435 mg/100 ml 
Plasma calcium 11'1 mg. 100 ml 
Uric acid 4'4 mg;/100 ml 


Alkaline phosphatase. 87 mU /ml 
Albumin 4'6 g/100 ml 
Inorganic phosphate 4:1 mg; 100 ml 
‘Total protein 78 g/100 ml 


‘The Wassermann reaction and Kahn test were negative. 
X rays of the right orbit, sinuses, and skull, were taken 
on tt March and showed an opacity of soft tissue 
density in the lower part of the right maxillary antrum 
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FIG. 4 Graph showing ocular response to systemic steroids 


with a smooth upper border. No associated bone des- 
truction was identified and it seems likely that this was 
a polyp, There was a considerable difference in the 
density of the orbits, that on the right showing an 
overall opacity consistent with the soft tissue swelling. 
No definite bone destruction was seen. Thyroid func- 
tion tests showed a thyopac 3 value of 118-8, and 
thyopac 4 of rr:8 ug per cent, with a free thyopac 
index of 9:9 which is normal. 

A thyrotrophin releasing hormone (TRH) test showed 
an impaired response which suggested partial thyroid 
autonomy. At o min thyroid stimulating hormone 
(TSH) was 1:6 mU/L, at 20 min 3:9 mU/l, and at 60 min 
3'0 mU/L. Thyroid antibodies were all negative. 


Discussion 


'The unusual features of this case were the rapidity 
of onset—the proptosis in the right eye developing 
probably within 24 hours, and that in the left 
within six hours—and the rapidity and complete- 
ness of the response to systemic steroids (Brown, 
Coburn, Wigod, Hiss, and Dowling, 1963). 
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In other cases reported (Hoffenberg and Jackson, 
1958; Brown and others, 1963; Werner, 1966) 
there was also rapid response to steroid therapy, 
but in only one case did the condition clear rapidly. 
Whether coincidentally or not, the patient was, 
like the case reported here, a clinically euthyroid 
diabetic. Further study into the possible connexion 
between acute endocrine exophthalmos and diabetes 
could prove fruitful. 

Ideally, this condition should be treated by the 
ophthalmologist in collaboration with the physician; 
the former observing the state of the corneae, 
fundi, ocular fields, and the degree of exophthal- 
mos, and the latter observing the patient's physical 
and biochemical response to the large doses of 
steroids. 

It has been stated (Duke-Elder, 1974) that in 
the treatment of endocrine exophthalmos, large 
doses of systemic steroids usually need to be 
administered over a considerable period of time, 
with the inevitable hazard, not only of systemic 
complications, but also of the ocular side-effects 
such as cataracts and elevation of the intraocular 
pressure (Haddad, 1968). 

Fortunately, in this case, the response was so 
rapid that it was possible to reduce the dosage 
before any such hazards were encountered. 

Three months after complete cessation of drug 
therapy, there was no evidence of any recurrence 
of the condition. Whether this resolution. will be 
permanent remains to be seen. 


Summary 

A case is reported of acute endocrine exophthalmos 
in a 60-year-old clinically euthyroid male diabetic 
and the rapid response to steroid therapy is des- 
cribed. The exophthalmometer was used to assess 
objectively the variations of the exophthalmos. 


I am indebted to Mr P. J. M. Kent and Dr W. Van't 
Hoff for permission to quote their case, and Mr W. G. 
Coddington for his constructive advice, and to the 
Department of Medical Hlustration for the photographs. 
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Cadaver bone as orbital implant 


R. K. BANSAL 


From the Department of Ophthalmology, University of Nigeria Teaching Hospital, 


Enugu, Nigerta 


Orbital implants are used to provide a mobile ball 
for a prosthesis to pivot on and also to prevent 
bony deformity of the orbital wall. Various types 
have been tried. Acrylic, now most commonly used, 
is a comparatively biologically inert substance 
and if proper care is taken to maintain asepsis, to 
achieve correct anatomical placement, and to 
bury the implant in a reasonably thick layer of 
tissue the chances of extrusion are less. But late 
pressure necrosis of the tissue over the implant 
by the artificial eye is not uncommon. Therefore 
individually moulded prostheses are usually re- 
quired (Reed, 1964). 

Synthetic polyvinyl sponge (Pearlman, 1955) 
does not migrate easily, as it gets organized with the 
host tissue, but it is more susceptible to infection. 
Moreover, its removal is tedious and difficult. 
Spaeth (1941) recommended the use of Guist's 
carbonized cancellous bone spheres for orbital 
implants, and  Molteno, Van  Rensberg, Van 
Rooven, and Ancker (1973) have used kiel bone, 
an antigen-free cancellous calf bone, with good 
results. All other materials like glass, fat, rubber, 
wire, silk, fascia lata, donor sclera, and others have 
been condemned and are no longer used. 

This paper reports a trial of cadaver bone as a 
buried orbital implant. 


Patients and methods 


The patients were selected from those coming to the 
outpatient department with an indication for enuclea- 
tion. Fifty-four patients whose ages ranged from 8 to 54 
years were operated on. The indications for enucleation 
were as follows: blunt injury to eve 28 cases, recent 
perforating injury seven cases, absolute glaucoma 15 
cases, and atrophic bulbi four cases. Any infection was 
medically treated before operation. 

Cadaver flat ribs were obtained from the university 
department of anatomy. The bone was thoroughly 
cleaned. Various sizes of implants were cut with a bone 
cutter, The grooves were made by saw on four sides to 
accommodate the recti (Fig. 1). The implants were 
sterilized before use by autoclaving. 


OPERATIVE TECHNIQUE 


Under general anaesthesia the eye ball was exposed with 
the help of an eye speculum. ‘Phe conjunctiva and 


'l'enon's capsule were cut along the limbus and re- 
tracted. Each rectus was caught on a strabismus hook 
and a 3/0 chromic catgut suture applied. near the inser- 
tion. The muscle was then detached near the insertion 
and clipped on to the towel with artery forceps, The 
inferior oblique and superior oblique were sutured to 
the lower margin of the lateral rectus and superior 
rectus respectively by 3/0 chromic catgut to prevent the 
migration of the implant towards the floor of the orbit. 
The optic nerve was crushed by artery forceps and cut. 
The eyeball was prolapsed out and all its attachments 
cut. 

The four recti were pulled out and a bed for the 
implant prepared by achieving as much haernostasis as 
possible by hot sponging. An implant of the correct size 
was selected and placed in the floor of orbit. The four 
recti were placed in their respective grooves (Fig. 2). 
They were pulled tight and the opposite recti sutured 
over the implant with 3,0 chromic catgut. The four 
recti were then united by another 3/0 chromic catgut 
suture (Fig. 3). Tenon’s capsule was sutured vertically 
by 4/o chromic catgut with interrupted sutures. The 
conjunctiva was stitched by continuous 6/0 black silk 
suture. Soframycin eye ointment was inserted and a 
pad and crepe bandage apphied. 

The first dressing was done after 48 hours and was 
followed by routine daily dressings of soframycin eve 
ointment, Systemic antibiotics were used only when 
necessary. The conjunctival suture was removed after 
six days. Artificial eyes were fitted as soon as possible, 
usually after three to four weeks. 


Results 


Qut of 54 cases with a follow-up of six months to 
three years only two implants were extruded. One 
was extruded within five days of operation. This 
was because the patient had a lacerated eyeball and 
possibly some infection. The other extrusion, after 
one year, was in a young girl who had a very tight 
artificial eye which she wore even during the night. 





FIG. I 


Cadaver bone implants af various sizes 





The resulting ulceration of the conjunctiva and 
infection was not controlled in time, In all other 
cases there was some initial postoperative oedema 
which subsided in three to four days. In long-term 
follow-up the conjunctiva was seen to be adherent 
and uniformly thinned out. Radiologically no 
change was seen in the radiodensitv of the implant 
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FIG. 2 Implant placed in floor oj 
orbit after stretching of recti 


after three years (Fig. 4). The implants moved fully 
and freely. 


Discussion 


The results of bone implant, compared with acrylic 
or polyvinyl sponge implants, have been very 
encouraging. Moreover, cadaver bone is easily 


FIG. 3 Four recti sutured over 


implant 
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available and costs the patient nothing. Different 
sizes of implant can be prepared in advance and 
the appropriate one chosen at operation. ‘There 
was no case of exposure of the implant, as reported 
by Molteno and others (1973), probably because 
Tenon’s capsule and conjunctiva were sutured in 
two different layers at right-angles to each other. 
Similarly, in no case did the implant seem to 
migrate towards the floor. ‘The purpose of suturing 
the inferior oblique muscle to the lower margin of 
the lateral rectus and the superior oblique to the 
superior rectus was to prevent this (Stallard, 
1005). 

A longer follow-up is needed to know the ulti- 
mate fate of the implants, but to date there is no 
radiological evidence of atrophy or shrinkage. 
Muscles should get a better anchorage on a bone 
implant because of its rough surface compared 
with an acrylic or silicone implant. 


Summary 


Fiftv-four cases of cadaver bone orbital implant 
are described. The results were encouraging. 
Cadaver bone implant is easily available and can be 
prepared in various sizes to fit the individual 
patient. 


| thank Mrs P. Gupta, of the Department of Anatomy, 
for helping me to prepare the bone implants and Mr 





A. J. Brooks, Head of Department of Medical Ilustra- ¥IG. 4 Radiological appearance of implant after 
tion, for the photographs. 3 vears 
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Book reviews 


Reconstructive and Plastic Surgery of the 
Eyelids. By F. P. ENcGLisH and W. A. KEATS. 
1975. Pp. 95, figs. Thomas, Springfield, Ill. ($11) 


This book begins with a chapter on basic techniques 
but it also includes less accepted procedures such as 
the transfer of full-thickness composite evelid grafts 
from one eyelid to another. It continues with a series of 
short chapters describing a wide range of different 
surgical procedures which the authors use in the orbital 
region, These are extremely well and copiously illus- 
trated with excellent diagrams as well as clinical photo- 
graphs. The book is commendably brief and only the 
salient features of the different techniques are described. 
It is orientated towards presenting the authors’ tech- 
niques to the practising ophthalmic surgeon and not to 
reviewing established procedures. The clinical indica- 
tions for anv particular procedure are not discussed in 
any detail relative to the available alternatives, and 
therefore this is not a good book for the embryo ophthal- 
mologist who wants to see the whole subject in perspec- 
tive. There must, however, be limitations with any book 
of this size and what Mr English and Mr Keats do 
achieve is a dynamic presentation of ideas which should 
provide the practising ophthalmologist with some useful 
additional techniques when operating in the evelid 
region. J. R. O. COLLIN 


Symposium of Glaucoma: Transactions of 
the New Orleans Academy of Ophthalmology. 
By D. R. ANDERSON, S. M. Drancr, M. A. GALIN, 
J. R. Lynn, S. M. Popos, K. T. RICHARDSON Jr, 
and R. N. SHAFFER. 1975. Pp. 387, figs, tables, refs. 
Mosby, St Louis; Kimpton, London (£ 17:80) 


'This book contains the papers presented and the round 
table discussions at the twenty-third session of the 
New Orleans Academy of Ophthalmology in 1974. The 
subject was glaucoma, and the contributors’ photographs 
at the beginning of the book reveal expressions of 
faint surprise, subdued scepticism, and friendly cheer- 
fulness, all of which were doubtless displayed from time 
to time throughout the symposium. Judging from the 
papers and discussions, one feels bound to conclude 
that the meeting must also have evoked sustained 
interest, because many aspects of glaucoma received 
attention and the contributors always had something 
to say which was based on their own special knowledge 
or experience, 

Topics are not arranged in any particular order but 
nothing seems to have been lost by the abandonment 
of the usual arrangement. The various sections on 
surgical procedures contain detailed descriptions with 
many practical tips based on wide experience, and are 
generally well illustrated by simple drawings. The 
style ranges from the formal to the chatty, a variation 
which keeps reminding us that we are reading the 
reports of a meeting and which recreates for us, perhaps, 
the atmosphere that prevailed. 

There are two sections by Richardson on drug 
delivery systems. The usual way of giving a drug is by 
doses, and this applies to substances administered orally 
and to those instilled as drops into the eye. This means 


that the concentration of the drug in the tissues is 
initially high, becoming lower as the time after the first 


sequence with its attendant disadvantages. The system 
to be preferred is one which releases a drug where it is 
required at a constant rate. The various possibilities are 
discussed not only in general, but also as they apply to 
the eye. A few such systems are already in use and their 
future development certainly warrants close study. 
In another section, Anderson looks critically at the 
'arious hvpotheses of glaucomatous cupping and finds 
them lacking in some respects. He suggests that raised 
intraocular pressure causes glial damage in the optic 
nerve head, às a result of which the capillaries lose some 
of their support. In this vulnerable state they collapse 
under the abnormal intraocular pressure. Thus the 
hypothesis does not denv that ischaemia is involved, but 
suggests that the levels of intraocular pressure commonly 
found in chronic simple glaucoma would not be high 
enough to produce damaging ischaemia without the 
initial factor of loss of glial support to the capillaries. 
Lynn tackles the problem of how to explain arcuate 
scotomata, passing smoothly from temporal to nasal 
quadrants, in terms of the arrangement of nerve fibres 
at the optic nerve head. His diagrams give a lucidity of 
explanation which could hardly be achieved verbally, 
These examples are quoted to indicate the level of 
interest to be found in all the sections. Anyone who 
looks after glaucomatous patients is bound to find some- 
thing stimulating and helpful in this book. p GLOSTPI 


Vitrectomy: A Pars Plana Approach. By R. 
MACHEMER. 1975. Pp. 136, 85 figs, refs. Grune & 
Stratton, New York (price not given) 


This excellent book presents the author's personal 
experience, based on over 500 vitrectomies. ‘The empha- 
sis 18 on vitrectomy technique, rather than on the 
evaluation of indications and results. 

The first chapter describes in great detail the VISC 
itself, the viewing system, and illuminating system, The 
second chapter deals briefly with the selection of patients 
and preoperative evaluation. Special emphasis is placed 
on the value of the bright-flash ERG and ultrasound in 
the preoperative examination of patients with vitreous 
opacities, The third chapter gives a detailed description 
of surgical techniques and complications. The four 
basic movements of the VISC are described and then 
the more complicated manoeuvres dealing with the 
peeling of epiretinal membranes in cases of miassive 
periretinal proliferation; the treatment of giant retinal 
tears by intraocular gas tamponade is described in detail. 
The fourth chapter deals with the postoperative period. 
The brief appendix written by W. E. Benson is designed 
to help the beginner by practising on rabbits’ eves, 

Dr Machemer emphasizes that pars plana vitrectomy 
is not an easy technique to learn and should be reserved 
for those who intend to specialize in this tvpe of surgery. 
This book is highly recommended for all ophthalmolo- 
gists, particularly those who are contemplating on 
embarking on this most exciting and challenging field 
ot eye surgery. J. J. KANSKI 
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Notes 


Eye-Bank Association of America, Inc. 
Las Vegas, 5 October 1976 


The scientific programme will now be held from 9.0 
am to 12.30 pm (not as previously announced in the 
afternoon) at the Aladdin Hotel, Las Vegas, Nevada. 


For further information write to R. D. Richards, 
MD, Department of Ophthalmology, University of 
Maryland Hospital, Baltimore, Maryland 21201, USA. 


Third International Corneo-Plastic Congress 


London, 29 June to 1 July 1977 


This will be held at the Royal Festival Hall in London. 
Further details may be obtained from 'T. A. Casey, 


2nd World Congress in Ergophthalmology 


Stockholm, 13 to 16 June 1977 


The International Society of Ergophthalmology an- 
nounces the 2nd World Congress of Ergophthalmology 
to be held at the Karolinska Institute, Stockholm. 
Symposia will be held on ocular hazards to electro- 
magnetic radiation, mechanical hazards to the eye, 
chemical eye injuries, and vision requirements in work; 


FRCS, Corneo-Plastic Unit, Queen Victoria Hospital, 
East Grinstead, Sussex. 


free papers are also invited. For further information 
write to Anders Hedin, MD, General Secretary, 
Department of Ophthalmology, Karolinska Sjukhuset, 
S-104 or Stockholm 60, Sweden; or Ergophthalmology 
77, Stockholm Convention Bureau, Strandvügen 7 c, 
S-114 56 Stockholm, Sweden. 


Ld 


International Congress of Neurogenetics and Neuro-ophthalmology 


Nijmegen, 8 to 10 September 1977 
‘The main subjects to be discussed at the fifth congress 


are: myasthenia, microspherophakia (subluxatio lentis), 
optic atrophies, and neuroretinal degenerations. 


The Jules Stein Eye Institute 
Los Angeles, 12 November 1977 


A seminar entitled Current Concepts in Ophthalmic 
Plastic Surgery will bé held at Los Angeles, California. 


For further information write to August F. Deutman, 
Institute of Ophthalmology, University of Nijmegen, 
Philips van Leydenlaan 15, Nijmegen, The Netherlands. 


The co-chairmen will be Dr Henry Baylis and Dr 
David Kamin. ; 





Opticrom. A completely new treatment 


for vernal kerato-conjunctivitis, 





Opticrom is a new application of sodium cromogly- 
cate. This drug is well established in the treatment of 
asthma and allergic rhinitis. Its unique properties now 
offer a completely new approach to the management of 
vernal kerato-conjunctivitis without the serious side 
effects which are always a risk with corticosteroids used 
in the eye. 

Opticrom is a 2% w/v solution of sodium cromogly- 
cate which works by preventing the degranulation of 
local mast cells in the conjunctiva and inhibiting the 
release of inflammatory agents. Symptoms are thus 
prevented. This mode of action sets it apart from other 
therapy. 

Therapy with Opticrom should be continued for 
several days before assessing effectiveness. Maximum 
Clinical improvement may take longer to appear. Since 
it is essentially prophylactic treatment, patients should 
maintain regular dosage in the presence of environ- 
mental challenge, even when apparently free from 
symptoms. 

Opticrom is probably the first really new treatment 
for an allergic eye disease that has appeared in a long 
time. 


Prescribing Information 

Presentation A clear colourless aqueous solution of Sodium 
cromoglycate BP 2% w/v with benzalkonium chloride 0.01% w/v 2— 
Phenylethanol 0.4% wA. 

Uses For the treatment of vernal kerato-conjunctivitis (vernal or 
spring catarrh). 

Dosage One or two drops into each eye four times daily. 

Contra-indications, warnings, etc. Known hypersensitivity to 


3enzalkonium chloride, Transient stinging may occur in some patients 


Pharmaceutical Precautions Store below 30*C. 

Legal Category (Sec. 62). 

Package Quantity 10 ml. 

Further information Discard any remaining contents four 
weeks after removing the bottle from its wrapping. 

Product Licence Number (UK) PL 0113/0039 
Eire) PA 1872/1. 


Opticrom 


ZA FSONS Leaders in Allergy Research 


urther information is available on request from 
isons Limited Pharmaceutical Division 
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Drugs and Disease 


The Proceedings of a Symposium organized by the 
Royal College of Pathologists 


Edited by Sheila Worlledge 


Mechanisms of drug action—The molecular basis of drug toxicity w. D. M. PATON @ The 
incidence of adverse reactions to drugs 0. L. WADE 


Drugs and the kidney—Analgesic nephropathy ALEXANDER KENNEDY @ Problems with 
immunosuppressive agents in renal disease J. S. CAMERON @ Drug treatment of hyper- 
tension PAUL TURNER 


Drug-induced blood disorders—Effect of drugs on red cell membranes: Insights into 
normal red cell shape HARRY S. JACOB @ Immunological mechanisms in drug-induced 
blood dyscrasias URS NYDEGGER AND PETER A. MIESCHER @ Clotting and fibrinolysis 
C. R. M. PRENTICE 


Drugs and the skin—The clinical aspects of drugs and disease of the skin 1. B. SNEDDON @ 
Immunological mechanisms in the reaction between drugs and the skin J. L. TURK 


Drugs and the liver—Drug metabolism in liver disease L. F. PRESCOTT, J. A. H. FORREST, 
K. K. ADJEPON-YAMOAH, AND N. D. C. FINLAYSON @ Acute liver injury I. c. TALBOT @ 
Long-term effects on the liver PETER J. SCHEUER 


Drugs and the lung—The effect of oxygen on the lung ALBERT E. CLAIREAUX @ The patho- 
logy of the lung in paraquat poisoning PAUL SMITH AND DONALD HEATH 


The drug dilemma—benefits and hazards—Drug interactions and lethal drug combinations 
ALAN RICHENS @ Antidiabetic agents and vascular events H. KEEN @ Hypolipaemic 
drugs and coronary heart disease A. N. HOWARD @ The widespread use of pesticides 
J. M. BARNES @ Legislation and drug safety PROFESSOR SIR ERIC SCOWEN 


Price £3.00 (U.S.A. $9.00), including postage 


ORDER YOUR COPY NOW FROM: The Publisher, Journal of Clinical 
Pathology, B. M.A. House, Tavistock Square, London WCIH 9JR. 


BRITISH JOURNAL OF OPHTHALMOLOGY 


TRANSACTIONS 

of the 

OPHTHALMOLOGICAL SOCIETIES 
OF THE UNITED KINGDOM 


Transactions of the Ophthalmological Societies of the United 
Kingdom, published since 1880 in a single volume, is now 
published in four separate parts as follows: 


I The Annual Congress of the O.S.U.K. (held in April, published 
in the Autumn) 


H The Oxford Congress (held in July, published in the Winter) 


III The Cambridge Symposium on ‘The Eye in Connective Tissue 
Disease’ held in September, published in the following Spring) 


IV Papers from the Irish, Scottish and and provincial societies, 
Reports from affiliated organizations throughout the world, 
and the Annual Index (published in the Summer) 


Volume price (4 parts): Inland £18-00; Overseas £20-00 (U.S.A. $49-00) 
Parts may be purchased separately, Price: Inland £6-00; Overseas £6-50 (U.S.A. $16-20) 


The first part of Volume 95 was published Autumn 1975 


ORDER YOUR SUBSCRIPTION FROM: 


The Subscription Manager, 
Professional & Scientific Publications, B. M.A. House, 
Tavistock Square, London WC1H 9JR 
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suction infusion tissue extractor. 





SITE is a new instrument for the surgical treatment of 
opacified ocular media, incorporating a needle with a 
unique cutting system at its tip, designed to dissect and 

extract obstructive tissue, and automatically replace the 
volume of tissue removed with clear fluid. A reflux system 

uses fresh fluid to clear blockages, and the entire operating 
cycle is under the surgeon's control. SITE operates through a 
small incision (approx. 3mm), under local or general anesthesia. 
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NOTICE TO CONTRIBUTORS 


Communications Papers, which will be accepted on the understanding that they have not been 
and will not be published elsewhere and are subject to editorial revision, and books for review, 
should be addressed to the Editor, British Journal of Ophthalmology, Institute of Ophthalmology, 
Judd Street, London WC1H 9QS. 

The author should make adequate reference to previous work on his subject, and provide a full 
summary of his observations and conclusions. 

Articles must be typewritten on one side of the paper only, in double spacing with ample 
margins. Only recognized abbreviations should be used. Authors are asked to submit two copies 
of the text and references. 


Illustrations These should be marked on the back with the author's name and the top edge 
indicated. The author is advised to send prints of x-ray films which bring out the exact points to 
be illustrated. Photographs should be printed on glossy paper, and should be a little larger than 
the size desired for reproduction. The magnification of photomicrograph: should be given. Graphs, 
charts, and tables should be presented on separate sheets apart from the text. Except letters and 
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paper by the same author in any one year being indicated by a letter (a, b, c) after the date. 
References should not be numbered or given in footnotes, but should be listed at the end in alpha- 
betical order of authors' names, as follows: Author's name and initials, year of publication (in 
parentheses), title of periodical (in italics, abbreviated as in World Medical Periodicals, 4th ed, 
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MICRO-POINT?* Spatula Needles 
wre the product of years of painstaking 
esearch and experience—yours and ours- 


n meeting the needs of the Ophthalmologist. 


They extend your operative 
:ontrol to a Sin only dreamt of a few 
years ago. 

We gave you precision made 

»yeless needles that were sharper than any 
»efore, yet still extremely strong. Capable of 
sassing through the tough and delicate 
issues of the eye easily and smoothly with 
he minimum trauma. 

Then we introduced the MICRO- 
POINT Spatula needle designed with only 
side cutting edges to minimise the danger 


24 


of perforation of the anterior chamber. 
With outstanding control in quality we 
ensure you use a perfect dicun time. 

Add to these advantages continual 
refinement of the location of the cutting 
edge, the curvature of the needle, finer and 
finer suture materials and true control is in 
sight. 

MICRO-POINT'" Spatula Needles- 
the product of experience. 

Yours and Ours. 


When the difference is between 
being sure and being absolutely certain. 
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the following topics: Orthoptics, Contact Lenses, Immunology, 
Orbital Disease and Microsurgery. 


For further particulars apply to the Dean. 








EXAMINATION OF PATHOLOGICAL OPHTHALMIC SPECIMENS 
The Department of Pathology of this Institute will examine and 
report on certain specimens sent by Ophthalmic Surgeons. 
Specimens sent from Hospitals for further examination should be 
sent through the particular Hospital Pathologist. - 

For particulars apply to the Director of the Department of 
Pathology. 


JULY 1976 


DIPLOMA IN 
OPHTHALMOLOGY 


Are you preparing 
for this examination? 


We specialize in postal preparation 


Our new course should help you pass 


Write for details to: 
Medical Correspondence College 
I Penn Place 
Rickmansworth, Herts. 
Telephone: Rickmansworth 79478 


(Accredited by the Council for the 
Accreditation of Correspondence Colleges) 





We shall be pleased to send, on request, an 
illustrated pamphlet of micro surgical instruments. 


DIXEY INSTRUMENTS LTD. 


19 WIGMORE STREET 


LONDON, WIA 4DU 


Telephone 01-580 1713 





PAARA A HH NI He Mer ANN Vim a Att Par i Cai Av UML E I PSP ICI AML RE iin And a ARP ANS MALO MEA Pr m A UNIS AP PV 


ARITISH JOURNAL OF OPHTHALMOLOGY 


Constant control 
in glaucoma 


simple, acceptable, convenient 


- and well tolerated 


Each Diamox* Sustet* contains 
500 mg acetazolamide ina 
sustained-release 

capsule 
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'Lederle Laboratories 


Research for British Medicine 
A division of Cyanamid of Great Britain Ltd 
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Since January 1976 the BRITISH JOURNAL OF OPHTHALMOLOGY has been 
published in a microfiche edition simultaneously with the standard paper 
edition. Overseas subscribers to the microfiche edition will receive microfiches, 
by AIR MAIL, within days of publication. The availability of the microfiche 
edition should have great appeal to libraries and other readers far distant from 
the United Kingdom. 


| 
The microfiche produced for the British Medical Association conform to : 


the international standard as laid down by the National Microfilm | 
Association of America. These microfiches are produced by a step and : 

repeat camera with duplicates produced on silver halide film for ' 

archival permanence. Each fiche measures 105mm x 148mm and can ' 
contain up to 98 images filmed at a reduction ratio of 24 x along with 

an eye readable title for identification. Details of microfiche volume 

binders are available on request. 


The subscription prices for each annual volume on microfiche are as follows: 


Inland Abroad 
For subscribers to the paper edition £13-50 US$27-00 


For those who do not subscribe to the — £20:25 US$40-b0 
paper edition 


Volume 59, 1975, is also ávailable on microfiche at these rates 


Orders for the microfiche edition of this journal can be sent to: 


The Publisher, BRITISH JOURNAL OF OPHTHALMOLOGY, B.M.A. House, Tavistock 
Square, London WC1H 9JR. Readers in the U.S.A. can order from: BRITISH MEDICAL 
JOURNAL, 1172 Commonwealth Avenue, Boston, Mass. 02134, or through any: m 
subscription agent. 
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3 New Cryo Pencils 
for use with AC U19 Cryo Units 








For Lens Extraction For Retinal Work 


Cataract Pencils, Straight and Curved, are now 
available with 1mm Ø tips. This } reduction in 
diameter permits better visualisation during lens 


The new Machemer-Bietti retinal cryo probe features 
a rectangular plate 6 X 3mm that freezes to - 60° C 
over its entire surface. Where large detachment areas 


are encountered, use of this probe can avoid the 
necessity for numerous cryo applications with the 
standard retinal pencil. The saving in time and tedium 
can be significant 

The Machemer-Bietti cryo probe, which has 
temperature indications, may be used with either the 
original ACU-1 or the current ACU-12 Control Unit 


K A Keeler 21-27 Marylebone Lane, London W1M 6DS 
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Control Unit 
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Clearly the solution for glaucoma therapy; 


SOPTO EPINAL 


CLEAR: COMFORTABLE ADRENALINE 


Two strengths for 
flexible therapy. 


In two strengths, with 0.5% or 1% 
adrenaline, Isopto Epinal's® flexible dosage is 
an advantage particularly in the treatment of 
problem patients suffering from open-angle 
glaucoma. 

And patients will find application easy on 
the eye with the aid of the specially designed 
dropper. 


Clear cut.Effective. 


The adrenaline drops you choose could 
bring tears to your patients' eyes. But cornfort 
them with a more gentle solution and you'll 
find stability diminished, the benefits short 
lived. 

Now it is unnecessary to sacrifice 
comfort for performance in the treatment of 
open-angle glaucoma. 

With Isopto Epinal* the answer is 
clear. Developed and distributed by Alcon 
Laboratories a name synonymous with 


confidence and quality, Isopto Epinal 
combines effectiveness, comfort and 
stability in one clear solution. 


Here to stay. 


Isopto Epinal's* increased stability 
means that, when used as directed, therapy 
can be completed without waste, without 
discolouration. The special antioxidant 
system protects against oxidative 
discolouration, eliminating many of the 
problems of adrenaline breakdown and 
giving maximum 
patient acceptance 
with minimum dh f^ 
irritation. 
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Particularly comfortable for problem patients. 


Thelsopto* vehicle — a hydroxypropyl methylcellulose solution — provides an ideal 
soothing and emollient action with a comfortable ph matching that of the eye 


And, by remaining in contact with eye tissue longer than aqueous vehicles, Isopto 
Epinal “offers a more potent adrenaline. 


EPINAL” - ONE OF A COMPLETE RANGE OF 
GLAUCOMA PREPARATIONS 


Research and experience puts Alcon out in front in glaucoma therapy. Along with Isopto 
Epinal® Alcon make and market these specialist products:— Isopto Carpine 0.5%, 1%, 2%, 
3%, 4% 6%, Isopto Carbachol 3%, Oratrol tablets Dichlorphenamide 50 mg (bottles of 100), 
Lyophrin — adrenaline bitartrate 2% (equivalent to 1% base activity). 





SCOPO EPINAL... 


World leaders in ophthalmic therapy 


OPHTHALMIC DIVISION, ALCON LABORATORIES (U.K.) LTD., 


P.O. Box 187, Imperial Way, Watford, Herts. WD2 4YR. Tel: 46133 
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EDITOR: Sir Stewart Duke-Elder l | 
ASSISTANT EDITOR: Stephen J. H. Miller l 


EDITORIAL BOARD: M. A. Bedford, J. M. Cappin, D. F. Cole, E. W. G. 
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J. Price; Venezuela, H. S. Novich; Yugoslavia, N. Ljustina-lvanéié, A. PiSteljié. 


TECHNICAL EDITOR: Kathleen A. Taylor 


Ophthalmic Literature is the key to virtually all published information on 
ophthalmology in both its basic and clinical aspects, and is the most comprehensive 
ophthalmic abstracting medium. Each issue consists of carefully prepared, infor- 
mative abstracts in English of relevant articles in medical and scientific journals 
throughout the world; each abstract is classified under one of forty specific 
headings with cross-references where necessary. The journal appears quarterly 
with overlapping volumes; a complete volume abstracting a year's literature 
consists of six issues plus an author and subject index issuo and contains over 
6000 abstracts. The clinician desirous of keeping his knowledge up to date or 
the research worker will find the journal invaluable. | 





~ ANNUAL SUBSCRIPTION RATES: | Inland £16-00 
Abroad £20-00 
. USA & Canada  $48-50 


ORDER FROM: Miss R. Soley, Publishing Manager, Ophthalmic Literature, 
Institute of Ophthalmology, Judd Street, 
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WIGMORES 
DISPENSING OPTICIANS 


Now Incorporating: 





David Beck Dispensing Opticians Ltd. E. Massey Ltd. 
Clifford Brown Ltd. A. E. -‘Newboit Ltd. 
R. W. Bradshaw Ltd. Spencers (Opticians) Ltd. 
Kingsley Gee Ltd. Stercks Martin Ltd. 
Midlands 
Leicester 0533-24307 
North 
^" A Sunderland .. 0783-74315 | | 
London & Home Counties 
Baker Street 01 -935-5668 
Barking 01-594-1919 & 3700 
Basildon 0268-20340 
Beckenham .. 01-650-0033 
Boreham Wood 01-953-3120 
Bromley 001-460-5511 & 4066 
Catford 01 -697-4717 | 
Croydon 01-688-0555 : 
East Ham 01-472-3720 
Edgware 01-952-3926 
East Sheen .. 01-876-2462 
Elephant & Castle 01-703-7121 
Golders Green 01-455-8418 & 4694 
Goring . 0903-49177 
Hampstead .. 01-435-6658 
Harlesden 01-965-5465 
Harrow 01-427-4113 
Hatfield 070-72-62954 
Hay Hill 01-493-0945 
Hendon Way 01-202-9323 
Holloway 01-607-2826 " 
Horley 02934-2668 
Hounsiow 01-570-9955 & 2138 
Kingston 01-b46-5236 
& 01-549-3700 
Letchworth .. 046-206-4687 


A member of the DOLLOND AND AITCHISON GROUP | 
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Tanderil® eye ointment 


Tanderil® eye ointment achieves 
anti-inflammatory effectiveness 


- without the risk of enhancing 
viral replication or bacterial 
invasiveness 


~ without adversely affecting 
intra-ocular pressure or lens 
metabolism 


Tanderil® eye ointment Geigy 


Each 5G tube of ointment contains 4-butyl-2- 
(4-hydroxyphenyl) -1-phenylpyrazolidine-3. 
9-dione monohydrate (Oxyphenbutazone B.P.) 
10% in special greasy base. 


Full prescribing 
information is available. 


Geigy Pharmaceuticals 
Macclesfield, Cheshire 
SK10 2LY. 
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MOORFIELDS EYE HOSPITAL 


City Road, London EC1V 2PD 


FRANCIS AND RENEE HOCK 
FOUNDATION RESEARCH FELLOW 


Applications are invited for a full-time Research Fellowship in retinal diseases tenable with 
the Retinal Unit at the High Holborn Branch of Moorfields Eye Hospital, with the opportunity 
to join Professor David Hill's work in medical retinal disease and to devote a part of the time 
to similar work at the City Road Branch. 


An active interest in fluorescein angiography or in vitreous surgery would be considered an 
asset. The applicant is invited to set out a twelve months’ research programme in the particular 
aspect of retinal disease in which he/she wishes to undertake work, giving sufficient detail 
to enable the Medical Advisory Committee adequately to assess the project 





The value of the Fellowship will be £6,000 for the year. 


It may be possible for the successful applicant to apply to hold the Fellowship for a further 
term if the proposed project warrants an additional period for its effective completion 


Applications should be made to the House Governor not later than September 30, 1976 
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Drugs and Disease 


The Proceedings of a Symposium organized by the , 
Royal College of Pathologists 


Edited by Sheila Worlledge 


Mechanisms of drug action—The molecular basis of drug toxicity w. D. M. PATON @ ' 
incidence of adverse reactions to drugs 0. L. WADE 


Drugs and the kidney —Analgesic nephropathy ALEXANDER KENNEDY @ Problems. v 
immunosuppressive agents in renal disease J. S. CAMERON e Drug treatment of hy} 
tension PAUL TURNER | 

Drug-induced blood disorders—Effect of drugs on red cell membranes: Insights i 
normal red cell shape HARRY S. JACOB @ Immunological mechanisms in drug-indu 
blood dyscrasias URS NYDEGGER AND PETER A. MIESCHER @ Clotting and fibrinol 
C. R. M. PRENTICE 


Drugs and the skin — The clinical aspects of drugs and disease of the skin I. B. SNEDDON 
Immunological mechanisms in the reaction between drugs and the skin J. L. TURK 


Drugs and the liver—Drug metabolism in liver disease L. F. PRESCOTT, J. A. H. FORR 
K. K. ADJEPON-YAMOAH, AND N. D. C. FINLAYSON @ Acute liver injury 1. C. TALBOI 
HORE effects on the liver PETER J. SCHEUER 


Drugs and the lung—The effect of Oxygen on the lung ALBERT E. CLAIREAUX @ The pat 
logy of the lung in paraquat poisoning PAUL SMITH AND DONALD HEATH 


The drug dilenma— benefits and hazards —Drug interactions and lethal drug combinati 
ALAN RICHENS @ Antidiabetic agents and vascular events H. KEEN @ Hypolipae 
drugs and coronary heart disease A. N. HOWARD @ The widespread use of pestic 
J. M. BARNES @ Legislation and drug safety PROFESSOR SIR ERIC SCOWEN 


Price: Inland £3.00; Abroad US$7 .50, including postage 


ORDER YOUR COPY NOW FROM: The Publisher, Journal of Clini 
Pathology, B. M.A. House, Tavistock Square, London WC1H 9 


d 
E: 


New Titles from WILEYon  . 


Ophthalmology 





Symposium on Ocular Therapy 


Edited by 
l. H. Leopold, M.D., 
California College of Medicine, 
and R. P. Burns, M.D., 
University of Oregon. 


A symposium and text planned under the auspices of the Association for Research in vision and oph thal- 
mology and the American Academy of Ophthalmology and Otolaryngology. Presents selective data 
prepared from the plethora of material available in the field, and arranged for rapid reading. (Wiley Series 
in Clinical Ophthalmology] 


Volume 8: Contents: Toxicity of Topical Eye Medication Used in Childhood Strabismus; immuno- 
suppressive Therapy in Ophthalmology; Local Anaesthetics; Corticosteroid Misuse; Treatment of Viral 
infections; Barriers to the Ocular Penetration of Systemically Administered Drugs; Placebo Therapy in 
Ophthalmology; Drugs, Physicians and Patients; Management of Bacterial Corneal Ulcers; Adrenergic 
Therapy of Open Angle Glaucoma; Platelet Aggregation in Experimental Diabetic Retinopathy: index. 
April 1976 104 pages 
0471 527718 $22.15/£12.35 
Volume 9: Contents: Polymer Drug Delivery Systems in Ophthalmology; New Drug Delivery Systems; 
Antiviral Agents in Ophthalmology; Consideration of Anti-Infiammatory Drugs in Ophthalmology; 
Diagnosis and Treatment of Endophthalmitis; The Injection of Drugs into the Vitreous; Hetinal Uptake of 
Topical Epinephrine in Aphakia; Ocular Toxicology of Haloperidol: Practolol Induced Oculomuco- 
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Editorial: Hope for humanity in the Middle East 


Communicable ophthalmia—the combination of 
trachoma and acute ophthalmia-—remains today 
the most important cause of preventable blindness, 
some two million having succumbed out of five 
hundred million affected. In this WHO Blindness 
Year it is pertinent for the British Journal of 
Ophthalmology to publish a working paper which 
discusses the chronic trachomatous pathway to 
loss of sight and inseparably related pathway to 
blindness through acute ophthalmia. The problem 
is so defined in the first paper of this issue that 
lay-folk and administrators can readily understand 


the needless trail of devastation involved, grasp the 
importance of eradication of hyperendemic trach- 
oma, and be encouraged to take part in the proposed 
programme of prevention and treatment. 

The control of this age-long scourge calls for 
action by humanists and governments of all 
creeds and colours, it demands deeds not words, 
generosity not piety. In a world where medical 
science knows no boundaries, mankind is afforded 
once again an opportunity to demonstrate a unity 
of purpose and to forget, however briefly, its many 
differences. 
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Blinding and non-blinding trachoma 


A year ago we introduced the concept that, from 
the public health point of view, trachoma should 
be divided into blinding trachoma and non-blinding 
trachoma (Jones, 1975). This concept has found a 
ready acceptance (Dawson, Jones, and Darougar, 
1975) and has been of value in focusing attention 
on the urgent need for surveys in many countries 
to determine the presence and the magnitude of 
blinding trachoma. 


Communicable ophthalmia 


These surveys are the key to effective action but 
before considering them in detail it is necessary 
first to clarify the interrelations of trachorna: the 
classical chronic ophthalmia of chlamydial causa- 
tion, and mucopurulent conjunctivitis (MPC), or 
acute ophthalmia, of bacterial causation. Both 
chronic ophthalmia (trachoma) and acute ophthalmia 
lie together within the single environmentally- 
determined complex entity that is well named 
‘communicable ophthalmia’. 

‘Ophthalmia’ means inflammation of the eye; 
this is appropriate because it is the total lifelong 
load of chronic inflammation with acute exacer- 
bations that yields the progressive harvest of needless 
blindness. ‘Communicable’ characterizes the es- 
sential nature of the Middle Eastern ophthalmia in 
that it is readily communicable from one individual 
to another. The conditions that lead to continuing 
massive pressure of communication of eye infection 
from oné person to another are thus the roots of 
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communicable ophthalmia and constitute the 
unifying factor shared by both the chronic and the 
acute ophthalmias. 


Trachoma: a multicyclic infection in which 
pressure of infection determines severity of 
disease 


Our observations in Iran indicate clearly’ that 
trachoma can be a multicyclic infection in which 
each cycle adds its quota of damage (Jones, 1975). 
The continuing pressure of re-infection in a com- 
munity thus determines the severity of the disease 
and the ultimate degree of damage. The eye-seeking 
flies appear generally to provide the additional 
dimension to transmission of infection that 
escalates the pressure and the duration of exposure 
to infection into a life-long environmentally- 
determined programme of re-infection with 
Chlamydia trachomatis and the pathogenic ocular 
bacteria, thereby producing the mass blinding 
scourge: blinding hyperendemic trachoma which is 
the central core of communicable ophthalmia (Fig. 1). 


Blinding trachoma 


MPC t€ 
Corneal 
ulceratton 


Non blinding 
trachoma 





Acute ophthalmia Chronic ophthalmia 
“Communicable ophthalmia’ 


FIG. 1 Interrelations between acute and chronic 
ophthalmia, and blinding and non-blinding trachoma 





The role of flies in communicating 
ophthalmia 


It has long been accepted that flies provide the 
main route of transfer of infection in the seasonal 
epidemics of bacterial conjunctivitis in the Middle 
East (Wilson, 1936) and in similar climatic zones of 
Africa and Australia where trachoma is at its worst. 
Our current studies in southern Iran have shown 
that the discharges from eyes and noses may 
contain viable C. trachomatis. By means of fluores- 
cein tracing we have shown that such material is 
transferred in a barrage of fly-vomits to the eyes and 
nares of adjacent children in a matter of minutes, 
and we have grown C. trachomatis from the flies 
caught around these children’s eyes (Fig. 2). 

Acute ophthalmia overshadows and may mask 
the presence of active trachoma. In a study of acute 
ophthalmia, in collaboration with Professor M. 
Khalaf Al-Hussaini and his staff in the Hospital of 
the University of Assyout in Upper Egypt during 
November 1975, we demonstrated, by the micro- 
immunofluorescence test, the presence of antibody 
to C. trachomatis in the tears at 1/8 or greater titre 
in 18:6 per cent of 124 children under eight vears 
of age presenting with acute ophthalmia. The 
antibody was to type A in 78:2 per cent; B in 
13 per cent; C in 474 per cent and D/E in 4-4 per 
cent. This provides evidence of simultaneous 
infective trachomatous disease. 


‘Communicable ophthalmia’ 


We therefore see ‘communicable ophthalmia’ as a 
single, but complex entity consisting of two clinically 
and microbially discernible sections: mucopurulent 
conjunctivitis or acute ophthalmia, and trachoma 
or chronic ophthalmia that develops into blinding 
trachoma in the overlapping epidemiological con- 
ditions that lead also to epidemics of acute ophthal- 
mia (Fig. 1). 

Blinding hyperendemic trachoma, the over- 
lapping core of communicable ophthalmia, is thus 
an environmentally-determined menace resulting 
from life in communities with open faecal and 
rubbish disposal, poor personal hygiene, and short 
interpersonal distance in climates favourable to the 
production of a high density of the synanthropic 
eye-seeking flies: Musca domestica and Musca sorbens, 
the latter breeding selectively in human faeces. 


Laboratory models of environmentally- 
determined programmes of infection 


The validity of these epidemiologically-derived 
concepts is being confirmed in our laboratory using 
animal models of the environmentally-determined 
programme of re-infection and mixed infection. 
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Dr Marjorie Monnickendam and Dr Sohrab 
Darougar have shown that after the third re- 
infection of guinea-pigs with the guinea-pig 
inclusion conjunctivitis (GPIC) chlamydial agent, 
this normally benign disease develops much more 
severe inflammation with conjunctival cicatrization 
resembling trachoma. 

Dr Hadi El Sheikh. and Dr Sohrab Darougar 
have shown in cats that bacterial infection with 
streptococci alone causes only a mild, short-lived 
mucopurulent conjunctivitis. Infection with the 
feline chlamydial keratoconjunctivitis agent alone 
causes a chronic trachoma-like infection with 
pannus and conjunctival scarring. Mixed infection 
with both agents, however, produces a much more 
severe disease with rapidly blinding ophthalmia in 
half the cats (Jones, 1975). 


Surveys for preventable blindness from 
communicable ophthalmia 


These newly defined concepts make it clear that all 
countries that have, or suspect that they mav have, 
problems of blindness from communicable oph- 
thalmia, need urgently to carry out surveys of 
suspected rural communities. The recommended 
methods have been set out by Dawson and others 
(1975). It is essential that the full age range of the 
population be surveyed by means of a valid random 
sample. Thus all ages must be surveved for: corneal 
blindness, potentially blinding trachomatous de- 
formities of the lids (Jones, Barras, Hunter, 
Darougar, and Mohsenine, 1976), and for severe 
grades of intensity of upper tarsal conjunctival 
inflammation, 


CORNEAL BLINDNESS 


Corneal blindness comes progressively with aye 
from trachoma whereas it comes suddenly from 
corneal ulceration complicating acute ophthalmia, 
strikingly in the young, but also in the old, especially 


those with trachomatous deformities of the lids. 


POTENTIALLY BLINDING TRACHOMATOUS DEPORMITIES 
OF THE LIDS 


The potentially blinding abrasive trachomatous 
deformities of the lids—trichiasis and entropion, or 
notching of the lid margin or other defects of lid 
closure resulting from subconjunctival fibrosis of 
the levator causing functional shortening of the ld 
(Jones and others, 1976)—are greatly aggravated if 
scarring has also caused xerosis by occluding the 
lacrimal ductules in the fornix, or if there 1s reduced 
corneal sensation. 

These deformities of the lids keep eves sticky, 
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HG. 2% (a) Fly-borne transmission 
of ocular discharges within a pool of 
ocular promiscuity, Fluorescein placed 
in the eve of Child 1 transmitted hy 
fly vomits to the eyes of Child 2 and 
Child 3 within 20 and 40 minutes 
(b) Child 2—Fluorescing spots of Ih 
vomit photographed in blue light 
through a yellow filter, indicating 
fly-borne transmission of conjunctival 
discharge from Child 1 within a 
period of 20 minutes, Fluorescein was 
also present in the tear film of both 
eves of both children 


*Reproduced by permission of the Trans 


ophthal Soc. U.K, Jones, B. R. (19751 
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thereby making them a prime target for flies, thus 
holding the adult person in the infant pool of ocular 
promiscuity (Jones, 1975), and committing the 
individual to an environmentallv-determined life- 
long programme of re-infection. Blindness is thus 
likely to ensue from relentless progression of 
trachoma, with the mixed chlamydial and bacterial 
load causing severe inflammation and scarring, 
aggravated by the physical trauma of trichiasis. 
Alternatively, blindness can ensue from acute 
ophthalmia complicated by corneal ulceration to 
which these eyes are especially liable. The tracho- 
matous lid deformities thus play a determining role 
in both the chronic trachomatous and in the acute 
bacterial pathways to blindness. 

To block this relentless progression requires 
immediate preventive action, continuing surveil- 
lance, and the maintenance of primarv eye health 
care, The immediate preventive action requires the 
identification of individuals at risk and the provision 
of surgical correction and medical therapy. This 
should be accompanied by measures to reduce the 
pressure of re-infection by means of mass chemo- 
therapy of the reservoir of infection in the com- 
munity, especially in pre-schoolchildren and other 
voung people. Reduction in the factors for transmis- 
sion of infection, by means of personal and com- 
munity sanitation, should also be of particular 
benefit to those at high risk because of lid deformi- 
ties; but no measurements of this effect have been 
made. 

Individuals with lid deformities require continu- 
ing surveillance for recurrence of trichiasis, and 
the community requires surveillance for re- 
crudescence of transmission of infection. They are 
also the adults most likely to need good primary 
eye health care: immediate treatment of ophthalmia 
or the emergency care of corneal ulcers. 


INTENSITY OF CONJUNCTIVAL INFLAMMATION 


The survey will also reveal the (frequently un- 
recognized) prevalence of severe conjunctival 
inflammation that reflects a high pressure of trans- 
mission of infection. This requires mass chemo- 
therapy of all infected persons, or at least of all 
those with moderate or severe grades of intensity 
of inflammation (Dawson and others, 1975). Some 
programmes may compromise and settle for delivery 
onlv to schoolchildren. However, Fig. 3, showing 
the age and sex distribution of active trachoma in 
the village of Sar Rig in southern Iran, indicates 
just how illogical and suboptimal is the delivery 
only to the five- to 15-year age range. In many 
communities this would also restrict delivery to the 
more favoured children of the more favoured 
families. 
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Mass chemotherapy for control of 
communicable ophthalmia 


MASS ANTIBIOTIC PROGRAMMES 


The WHO-recommended scheme of mass topical 
intermittent chemotherapy consists of the adminis- 
tration of a tetracycline eve ointment to both eves 
once, or preferably twice, a day for five days each 
month for three, or preferably six, months. T 

known to have an impact and, at present, should 
form the basis of mass control programmes. 


his ig 


OCULAR THERAPEUTIC SYSTEMS AND ORAL 
CHEMOTHERAPY 


Other methods of delivering chemotherapy are, 
however, under investigation. Continuous delivery 
ocular therapeutic systems of poor retention in 
children have been shown to be at least as effective 
as twice daily ointment regimens (Jones, 19751. 
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FIG. 3* Active trachoma (a) upper tarsal and (b) in 
whole conjunctiva, in right eye in total population, by 


five-year age groups and sex, in Sar Rig, 1972 


*Reproduced by permission of the Trans. ophthal. Soc. UR ee lones, 


B. R. (1978) 
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Improved devices with much better retention may 
have a great deal to offer. 

Long-acting oral tetracycline chemotherapy has 
potential advantages in terms of ease, certainty, 
and continuity of delivery (Jones, 1974, 1975). The 
possibility of large-scale control of trachoma by the 
community-based administration of a single short 
course of, say, three weeks of three oral doses a 
week of doxycycline (5 mg/kg), is shown by the 
persisting effect still strikingly apparent in the 
village of Sar Rig in southern Iran two years after 
a course of six such doses given only twice-weekly 
for three weeks, two years earlier. In that case the 
three-week oral treatment was given to all persons 
with moderate or severe conjunctival inflammatory 
disease; approximately half of them had previously 
received intermittent monthly treatment with either 
oxytetracycline eye ointment twice a day for one 
week each month, or single monthly doses of 
doxycycline (5 mg/kg) for one year. 

The Table indicates that before oral chemo- 
therapy, 25 per cent of the population (427) had 
grade 3 or 4 (moderate or severe) upper tarsal con- 
junctival inflammatory disease, despite earlier 
intermittent treatment. The three-week oral chemo- 
therapy was given in November 1973. When the 
whole population, less deaths and emigrants, but 
including new births and immigrants, was examined 
one year after chemotherapy, the figure had been 
reduced to 12 per cent. At a two-year follow-up the 
preliminary figures showed 9 per cent. Examination 
of absentees will probably reduce this figure. It 


Table Persistence of effect of a single period of 
three weeks’ oral chemotherapy (doxycycline 5 mg/kg 
twice a week, 1.e. six doses) in November 1973 to 

all persons in Sar Rig, Bandar Abbas, southern Iran, 
with grade 3 or 4 intensity of trachomatous 
conjunctival inflammation, after earlier intermittent 
monthly topical oxytetracycline, or systemic 
doxycycline, treatment in approximately half the cases 


- 











Examination 
Whole eye Upper tarsal 
Date No. (per cent) (per cent} 
Bersonp o —————— te 
examined Grade Grade Grade Grade Grade Grade 
3 4 3+4 3 4 34 
November 197a 
(before 
treatment) 427 20 8 28 I4 10 as 
February 1975 
(1 year after 
treatment) 396° 6 8 Y4 2 Jo Xa 
February 1976 
(a years after 
trestment) 375*T 5 5 10 3 6 9 


Komm ERES SAM a AE MEC DULL IN GAEE AAE E E MERE CE EE ECCE EC ICE E DEE CR a MC NM CDU ES 
* Whole population including new births and arrivals not treated in 


1973 
+Data on absentees to come, mainly adults working elsewhere 


should be noted that these figures show prevalences 
in the whole population, including new births and 
new arrivals, not only in those who were treated 
among whom there was a lower prevalence of active 
disease. 

Much remains to be done before this could be 
recommended for widespread use, but these 
preliminary results indicate that such a course of 
chemotherapy can reduce the reservoir of infection 
to a level at which, in present environmental 
conditions, transmission of infection is controlled 
for an encouragingly long period. The full results 
with findings in the adjacent control village will be 
published elsewhere. 


Expected effects on trachoma and acute 
ophthalmia 


Within the complex, communicable ophthalmia, it 
is likely that trachoma is easier to control by 
chemotherapy than may be the case for acute 
ophthalmia. Trachoma, being a chronic infection, 
waits for the delivery of chemotherapy whenever 
that is delivered. Acute ophthalmia, on the other 
hand, comes and goes and does not wait. 'l'opical 
chemotherapy programmes that control trachoma 
should ameliorate transmission and severity of acute 
ophthalmia; but they are not likely to eliminate the 
problem, which is therefore likely to persist in the 
villages, as it does in many of the urban populations 
of the Middle East. This requires the provision of 
primary eye care: immediate availability of anti- 
biotic therapy of acute ophthalmia whenever 
required, and the emergency care of corneal ulcers. 

However, real control of communicable ophthal- 
mia should come from fly control. There is, there- 
fore, an urgent need to converge resources of rural 
sanitational and agricultural technology, health 
education, and current developments in fly control 
to evolve effective, acceptable, long-term, low-cost 
methods of fly control. 


MONITORING OF EFFECT OF CONTROL PROGRAMMES 


Whatever the detail of the antibiotic programme, 
or other intervention, it is essential that control 
measures should include provision for monitoring 
the effect and efficiency of the intervention. This 
can be done by ‘before and after’ comparisons, and 
by simultaneous observations in untreated control 
communities. These should be followed by long- 
term follow-up of appropriate samples and the 
maintenance of long-term surveillance for re- 
crudescence of transmission of infection. In each 
case the observations should include quantitative 
clinical data on the intensity of conjunctival 
inflammation, the presence of lid deformities, and 


the prevalence of corneal blindness. It is desirable 
that this be supplemented by data on the presence 
of C. trachomatis by direct demonstration of the 
agent, or by isolation, and by data on antibody 
levels to this agent in tears and sera (Jones, 1974). 


ADMINISTRATION OF TRACHOMA CONTROL 
ACTIVITIES 


Health Administrators should consider the general 
principle that in setting up single categorical 
disease control programmes such as are required 
for trachoma-communicable ophthalmia, the exer- 
cise should be planned as the first step in provision 
of primary rural (eye) health care, and not as an 
independent, indefinitely self-perpetuating organiz- 
ation. As trachoma comes under control the 
trachoma team, with skill in eye disease and 
community medicine, should integrate with the 
primary rural health care service, and provide 
primary eye care to contribute importantly in 
control of acute ophthalmia, and in maintaining 
surveillance as outlined above. The trachoma team, 
thus integrated in community medicine, must, 
however, maintain effective links with secondary 
urban ophthalmic care units, upon which it will be 
dependent for training, guidance, and the referral 
of patients. In this way, permanent careers could 
be provided, thus avoiding the loss of skilled 
manpower for primary rural health care. 


Communicable ophthalmia: the blinding 
scourge 


Communicable ophthalmia has certainly been the 
blinding scourge of the Middle East in the past. It 
is certainly a continuing problem of major import- 
ance in rural communities that are largely by- 
passed by economic development, as is the case in 
southern Iran (Jones, 1975). The future in such 
populations is in the balance. In the absence of 
economic development bringing major changes in 
sanitation and medical services, it will depend on 
governmental decisions and the correct implementa- 
tion of effective action. 

We see blinding trachoma and acute ophthalmia 
which together constitute 'communicable ophthal- 
mia’, as one of the greatest, but preventable, 
afflictions of mankind which has its roots in life in 
communities with open faecal and rubbish disposal, 
with poor personal hygiene in climates that favour 
high densities of the svnathropic eye-seeking flies. 
Can we continue to allow such a harvest of needless 
blindness to persist, while throwing vast resources 
into increasingly expensive small-return areas of 
urban curative medicine? What country can afford 
indefinitely to neglect its rural population? 
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ACTION TO PREVENT BLINDNESS 


We would urge action to prevent this needless 
blindness by carrying out surveys of under-served 
rural populations to determine the location of high 
risk communities and by implementing topical 
ocular chemotherapy programmes in these, At the 
same time, we would urge action to assess alternative 
chemotherapy, such as may be provided by con- 
tinuous delivery ocular therapeutic systems or by 
oral chemotherapy. But, especially, we would urge 
action directed at the roots of the problem, to 
assess the practicability and efficacy of Ay control 
by personal and community sanitation and by other 
means. 


ACTION BY GOVERNMENTS 


This demands action by governments. ‘he 
implementation of large-scale surveys and chemo- 
therapy programmes are clearly the responsibilities 
of governments. Research now needs to be inte- 
grated with governmental action, Research in this 
field of prevention of blindness falls into three 
phases. The first has concerned case studies, work 
with animal models, and clinical trials of therapy. 
This has been done by universities with support 
from grant-giving bodies. 

The second phase concerns field studies, work 
with animal models of the environmentally- 
determined human ecology, and field trials of 
therapy. This is being done by universities and 
supported by internationally orientated grant- 
giving bodies. Knowledge accumulated from these 
studies now requires the third phase to begin: 
namely, operational research at the pilot contro! 
programme scale, to compare various methods of 
control, to make measurements of cost and effect, 
and not to shrink from attempting to tackle the 
roots of the problem. This clearly requires the 
collaboration of national administrations for health, 
universities with support by international agencies, 
and governments. 


LACK OF STAFF, CAREERS AND TRAINING FACILITIES 
FOR PREVENTIVE WORK IN EYE DISEASE 


If action to halt this needless blindness is decided 
upon, the choice of what to do is reasonably 
straightforward. But the implementation mav be 
delayed by lack of knowledge of clearly defined 
rural health technology, and by shortage of staff 
trained for preventive work in eve disease, both at 
medical and ancillary levels. 

Osler epitomized the sense of this obstacle in his 
comments about the medical teachers of his time: 
‘Cabin-cribbed, confined within the four walls of a 
teaching hospital, practising the cloistered virtues of 
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clinical medicine, how can they train men for a race 
of dust and heat, of which they know nothing?’ 

To bridge this gap, and to help to meet this need 
‘It is proposed to establish in London a centre for 
training, recruitment, and research in public health 
ophthalmology and communicable eye disease, . 
with the immediate objective of making a substantial 
impact on the major problems of preventable rural 
world blindness'. 

There is an urgent need for financial support for 
'the establishment of such academic centres in 
preventive ophthalmology to ensure exposure of 
trainees to the challenges of community ophthal- 
mology, and to encourage the recruitment of persons 
of high calibre into this field by the provision of 
attractive career posts in this work. 
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Retinal vascular changes in congenital hypertrophy 
of the retinal pigment epithelium 


P. E. CLEARY, Z. GREGOR, ann A. C. BIRD 
From Moorfields Eye Hospital and the Institute of Ophthalmology, London 


Congenital hypertrophy of the retinal pigment 
epithelium (CH RPE) 1s a well-defined clinical entity 
which is usually an incidental finding during routine 
fundus examination (Buettner, 1975). Recent reports 
have emphasized the characteristic features that 
distinguish it from malignant melanoma of the 
choroid and other pigmented fundus lesions 
(Buettner, 1975; Purcell and Shields, 1975). 
Stereoscopic fundus photography and fluorescein 
angiography are useful in confirming the diagnosis 
(Buettner, 1975). The histopathology is that of hyper- 
trophy of a single layer of retinal pigment epithelial 
cells with an increase in the concentration of pigment 
granules within the cells, but whether this pigment 
is lipofuscin or melanin it has not been established 
(Kurz and Zimmerman, 1962; Buettner, 1975). The 
photoreceptor cells overlying the hypertrophic pig- 
ment epithelium degenerate and disappear, thus 
providing a morphological basis for accompanying 
visual field defects (Kurz and Zimmerman, 1962; 
Buettner, 1975). Intraretinal pigment migration is 
present in a minority of cases, but other abnormali- 
ties of the inner retina have not been previously 
identified. This report presents five cases with 
abnormalities in the retinal vasculature overlying 
areas of CHRPE. 


Patients 


The patients’ ages ranged from 42 to 64 years, None 
had evidence of previous or other ocular disease. All 
were examined for signs of systemic disease but no 
abnormalities were found. Routine investigations were 
within normal limits and included a full blood count, 
chest x-ray examination, and electrocardiogram, 


Clinical findings 
OPHTHALMOSCOPY 


The fundus lesions were solitary, round, flat, hyper- 
pigmented, and well demarcated. They varied in colour 
from greyish-brown to black and in size from 1 to 
about 8 disc diameters, Characteristic lacunae were 
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present in all, and the typical hypopigmented haloes 
surrounded four lesions. Abnormalities of the overlying 
retinal vessels were seen in only two cases, with gross 
attenuation of a retinal artery in one and sheathing of 
a vein in another. A discrete, hyperpigmented and 
slightly raised area about 1 disc diameter in size was 
observed in the centre of the lesion in one case (Fig. 1). 


FLUORESCEIN ANGIOGRAPHY 


Overlying retinal vascular abnormalities were demon- 
strated in all the lesions. In one there was no perfusion 
of the overlying retinal vessels (Fig. 2) and in another 
perfusion was absent except for delayed filling of a 
single retinal vein with late staining of its wall (Fig. 3). 
Gross attenuation of a retinal artery and its branches 
occurred in the centre of the lesion in one patient (Fig, 4). 
The remaining two patients gave a complicated 
appearance of retinal capillary closure with leakage of 
fluorescein from abnormal capillaries. In one leaking 
retinal capillaries and venules in the centre of the lesion 
were related to areas of retinal capillary closure or were 
present at the edge of non-perfused retina (Fig. s). In 
the other an abnormal leaking capillary network 
corresponded to a hvperpigmented raised area in the 
centre of the lesion. (Fig. 4). This capillary. network 
filled in the earliest stages of the fluorescein angiogram 
when the surrounding retinal vessels were not perfused, 
thus implying an arterial supply from the choroid. 


VISUAL FIELDS 


Four patients were examined by Tubingen perimetry. 
In all four absolute scotomas corresponded to the site 
of the fundus lesions. 


Discussion 


'The fundus lesions in these five patients correspond 
with previous descriptions of congenital hyper- 
trophy of the retinal pigment epithelium. (Reese 
and Jones, 1956; Reese, 1960; Kurz and Zimmer- 
man, 1962; Hogan and Zimmerman, 1962; Buettner, 
1975; Purcell and Shields, 1975). However, 
abnormalities of the overyling retinal vasculature 
have not before been identified. Retinal blood 
vessels have been described particularly as urn- 
deviated and normal (Buettner, 1973). The vascular 
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changes in all our cases were defined by fluorescein 
angiography and consisted of vascular non-perfusion 
with obliteration of the retinal capillary bed. In 
addition, two cases had retinal capillary leakage, 
which in one was from presumed intraretinal new 
vessels. The configuration of the leaking capillary 
network in this second case (Fig. 1) suggested that 
the blood vessels were derived from the choroid. 
The associated pigment migration into the inner 
retina may well have been accompanied by fibro- 
vascular ingrowth from subretinal tissues. 
Photoreceptor degeneration in CHRPE is prob- 
ably progressive, since the consequent visual field 
loss becomes denser with increasing age (Kurz and 





FIG. t (a) Congenttal hypertrophy of retinal pigment 
epithelium with pigment migration into inner retina 
causing hyperpigmented raised area (arrows). 

(b, c) Fluorescein angiogram : impaired perfusion of 
overlying retinal vessels, leakage from an abnormal 
capillary network which corresponds to the hyperpigmented 
raised area, and transmission defect at site of a 
depigmented lacuna 


Zimmerman, 1962; Buettner, 1975). By contrast, 
the inner retina remains well preserved. ‘The 
absolute scotomas demonstrated by ‘Tubingen 
perimetry indicate that there was severe receptor 
cell loss in these patients with obliteration of over- 
lying retinal capillaries. 

Precisely similar retinal vascular abnormalities 
have been described in retinitis pigmentosa (Duke 
Elder, 1967; Noell, 1953), in the retinae of rats 
with hereditary visual cell degeneration (Gerstein 
and Dantzker, 1969), in light-damaged rat retinae 
(Dantzker and Gerstein, 1969), and after argon 
and ruby laser photocoagulation of monkey retinae 
(Okisaka, Kuwabara, and Aiello, 1975), in which 
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conditions there 1s combined degeneration of photo- 
receptors and retinal pigment epithelium. Oblitera- 
tion of retinal capillaries was also observed in cats’ 
eyes when iodoacetate was used to destroy selectively 
the photoreceptor laver alone, indicating that the 
presence of an intact retinal pigment epithelium 
did not seem to modify the vascular response to 
outer retinal atrophy ( Dantzker and Gerstein, 1969). 

In some of these conditions obliteration of retinal 
capillaries might possibly result from secondary 
changes in the inner retina after outer retinal 


FIG. 2 Fluorescein angiogram of congenital hypertrophy 
of retinal pigment epithelium showing no perfusion of 
overlying retinal vessels but with transmission defects at 
site of depigmented lacunae (arrows) 


FIG. 3 Fluorescein angiogram of congenital hypertrophy 
of retinal pigment epithelium : no perfusion of overlying 
retinal vessels except for filling of a single vein 


FIG. 4 Fluorescein angiogram of congenital hypertrophy 
of retinal pigment epithelium with attenuation of a retinal 
artery and its branches, typical lacunae, and 
hvperfluorescent lower border 


atrophy, and in light-damaged rat retinae the most 
severe vascular changes coincided with considerable 
distortion of the inner retinal layers (Dantzker and 
Gerstein, 1969). However, these authors observed 
that the early stages of vascular degeneration 
preceded inner layer disease and they noted a close 
temporal relationship between the progressive 
degeneration with thinning of the outer retinal 
lavers and the disappearance of retinal capillaries. 
They concluded that retinal capillary degeneration 
occurred as a result of outer retinal loss and was not 
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directly related to the state of the inner retina 
(Gerstein and Dantzker, 1969). 

It has been argued that outer retinal atrophy 
would result in an increased oxygen concentration 
in the inner retina because of the combined effect 
of reduced metabolic requirements by the outer 
retina and closer apposition of the inner retina to 
the choroid (Noell, 1953; Gerstein and Dantzker, 
1969). Such an increase 1n oxygen tension caused 
vasoconstriction of retinal arterioles and veins 
(Dollery, Hill, Mailer, and Sousa Ramalho, 1964), 
and this may account for obliteration of retinal 
vessels in the presence of outer retinal atrophy 
(Gerstein and Dantzker, 1969). 


FIG. 5 Fluorescein angiogram of congenital hypertrophy 
of retinal pigment epithelium. (a) Masking of background 
choroidal fluorescence, except at site of a lacuna (arrow) 
(b) Abnormal retinal capillaries and areas of retinal 
capillary closure. (c) Later stages : leakage from abnormal 


vessels at edge of non-perfused retina 


This does not completely explain the retinal 
vascular occlusion associated with outer retinal 
atrophv. Mature retinal vessels are known to be 
remarkably immune to high concentrations of 
oxygen and, moreover, retinal capillarv obliteration 
has not been successfullv produced in adult animals 
exposed to high concentrations of oxvgen, although 
in these animals a high oxvgen tension was main- 
tained for only a few weeks (Ashton, 1966, 1976). 
However, obliteration of retinal arterioles due to 
gross thickening of their walls has been observed 
histopathologically in cases of retinal dystrophy 
(Ashton and ‘Tripathi, 1976), and possibly a pro- 
longed high oxygen concentration might cause 


arteriolar constriction with a reduced blood flow to 
more distal tissues producing significant ischaemia. 
‘This could certainly account for the retinal capillary 
closure and leakage overyling CHRPE, which are 
reminiscent of the changes in branch or central 
retinal vein occlusion—changes usually assumed to 
imply retinal ischaemia rather than a high oxygen 
tension. 


Summary 


The overlying retinal blood vessels were abnormal 
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Retinal vascular changes in bull's eye maculopathy 


AMRESH CHOPDAR 


From the Fundus Clinic, Moorfields Eye Hospital, London 


Chloroquine toxicity produces a typical macular 
degeneration commonly described as 'bull's eye' 
retinopathy (Hobbs, Sorsby, and Freedman, 1959; 
Kearns and Hollenhorst, 1966). Since its recognition, 
similar macular appearances have been described 
in various other conditions without ingestion of 
chloroquine (Krill and Deutman, 1972; Deutman, 
1974; Weise and Yannuzzi, 1974). One such case 
is described in this paper and the possible nature 
of the aetiology is discussed. 


Case report 


A xx-year-old White woman was seen in the fundus 
clinic of Moorfields Eye Hospital. She had a history of 
slow progressive loss of central vision in the right eye 
during the previous 12 months, but had not found it 
difficult to adjust to the dim light. Her only son has also 
been examined and found to have no ocular disease. In 
the past she had taken fenfluramine to control obesity 
and at the time of presentation and for the previous four 
years was taking methaqualone. 


OCULAR FINDINGS 


'l'he visual acuity was counting fingers in the right and 
6/9 in the left eye. The external slit-lamp examination, 
including ocular motility, were normal. The fundi 
showed identical involvement at each macula. The 
central macular area looked a deeper red than normal 
and surrounding it a halo-like zone could be seen with 
many white, shiny, dot-like particles, giving the typical 
‘bull’s eye’ phenomenon usually seen in chloroquine 


retinopathy (Fig. 1). These white dots were found to - 


be retinal pigment epithelial defects when examined 
with a fundus viewing contact lens. The circle of 
punctate epithelial defect was in turn encircled by a 
ring of grey retina through which the underlying 
choroidal vessels could be seen with little difficulty. 
The peripheral retina in the temporal part of the right 
eye showed sheathing of vessels with tortuosity and 
arterio-venous anastomosis. Peripheral to the area of 
anastomosis there was an abrupt end to the retinal 
circulation; this was evident from the change in colour 
between the two zones. The poorly perfused peripheral 
retina showed several areas of round atrophic patches 
with pigmented edges (Fig. 2). The left peripheral retina 
showed sheathing and tortuosity, but no arterio-venous 
anastomosis. 
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Fluorescein angiography showed a confluent punctate 
fluorescence surrounding a hypofluorescent macula. 
Around this complex was a faint fluorescent ring cor- 
responding with the grey circle seen clinically (Fig. 3). 
The peripheral retina in the right eye showed arterio- 
venous anastomosis and demonstrated the abrupt 
cessation of the retinal circulation. The round atrophic 
patches showed transmission defects during the early 
stages and scleral staining during the later frames 


(Figs 4, 5). 


RETINAL FUNCTION TESTS 


The peripheral field showed some constriction in each 
eye. There was a central scotoma in the right eye but 
no such defect was seen in the left. The colour vision 
was normal in the left eye but could not be tested 
satisfactorily in the right owing to gross reduction of 
vision. The electroretinogram showed a scotopic B wave 
of 130 mV in the right and 200 mV in the left eye. 
The photopic response of the right eye was present 
with a good flicker response but the amplitude was 
significantly lower than in the left eye. Similarly the 
electro-oculogram was only 155 per cent in the right 


. and 180 per cent in the left eye. 


GENERAL PHYSICAL EXAMINATION 


The patient was moderately obese with a blood pressure 
of 130/80 mmHg. The cardiovascular, respiratory, 
abdominal, and central nervous systems were all normal. 


LABORATORY INVESTIGATIONS 


The haematological examination showed haemoglobin 
15 g/100 ml, packed cell volume 42 per cent, mean cell 
haemoglobin concentration 36 per cent, total white cell 
count gooo/mm?, neutrophils 57 per cent, eosinophils 
3 per cent, lymphocytes 33 per cent, monocytes 7 per 
cent, erythrocyte sedimentation rate 5 mm in 1 hour 
(Westergren), and no gross abnormality in the red blood 
cells. The biochemical estimation of total serum protein 
was 7:2 g/100 ml, albumin 4:2 g/1oo ml, globulin 3:0 g/ 
100ml with a normal electrophoretic pattern. The 
immunoglobulin assay showed a slight increase of IgM - 
at 325 IU/ml but normal values for IgG, IgA, and IgD. 
Serological tests for syphilis and Reiter's syndrome 
were negative. ' 


Discussion 
Maculopathy mimicking chloroquine toxicity in 
cases of cone dystrophy was described by Krill and 
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FIG 3 Fluorescein angiography of 
right macula showing confluent 
punctate fluorescence surrounding a 
hypofluorescent fovea, similar to 
that of chloroquine toxicity 


FIG. 4 Fluorescein angiography of 
right temporal periphery showing 
arterio-venous anastomosis and poor 
retinal circulation peripheral to the 
anastomosts (slightly touched to 
obtain contrast) 





Deutman (1972). These patients suffered from instances of t 
severe loss of central and colour vision. Later, 
Deutman (1974) reported a case of autosomal 
dominant macular degeneration which he called 
benign concentric annular macular dystrophy obscure. 
which had similar fluorescein results but good 
visual acuity. Weise and Yannuzzi (1974) made a n 

i | ; -— | summary 
Huorescein angiographic study of ring-like trans- i 
mission defects around the macular area in patients A case ol 


not suffering from chloroquine toxicity and 


obtained somewhat similar pictures in Stargardt's The 
disease, pre-disciform macular degeneration, and 
resolved central serous retinopathy; on several 
occasions the diagnosis was thought to be progres- 
sive macular degeneration of unknown aetiology. 
The case described here had signs resembling 
‘Turk for the 


secretarial help 


chloroquine toxicity, in addition to the peripheral 


retinal vascular changes not seen earlier. No 
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Ocular findings in a case of fucosidosis 


MARJORY B. SNODGRASS 
From the Stirling Royal Infirmary, Scotland 


In fucosidosis an inborn error of metabolism 
causes a deficiency of «-L-fucosidase. The clinical 
picture was first identifed by Durand, Borrone, 
and Della Cella (1966) and the biochemical ab- 
normalities first described by Van Hoof and Hers 
(1968). Fourteen cases have so far been reported, 
The inheritance of the condition is autosomal 
recessive in type. In some cases relatives have been 
shown to be carriers of the defect with a level of 
x-L-fucosidase midway between normal and that 
found in the established disease. 

Fucosidosis presents gross neurovisceral disorders 
and there are two clinical groups. In the first there 
is severe progressive cerebral degeneration with 
gradual muscle loss and spasticity leading to 
decerebrate rigidity and death in the first few vears 
of life. In the second group the signs appear later 
and deterioration is slower. In addition to neuro- 
visceral changes there may be skeletal 
abnormalities. Some cases in the second group 
have a generalized skin lesion which develops 
slowly and resembles the angiokeratoma corporis 
diffusum of Anderson-Fabry disease (Wallace, 1973), 
but it differs in that the characteristic glycolipid 
material is absent and also the x-galactosidase level 
in leucocytes and fibroblasts is normal. 

The ocular findings in fucosidosis have not been 
described in detail. Gatti, Borrone, Trias, and 
Durand (1973) reported ‘slight cloudiness of 
corneae' in some cases. Borrone, Gatti, Triad, and 
Durand (1974) reported ‘strabismus’ with ‘papill- 
oedema with congestion and tortuosity of retinal 
vessels’ in one case and ‘thin and tortuous vessels’ 
in an affected sibling (Ng, Donnell, and Kock, 
1973). 


ETOSS 


Case report 


The case was the first to be recorded in the UK. 
Primrose (1972) reported the clinical details and 
MacPhie, Logan, and Primrose (1973) the diagnostic 
biochemical finding of absence of x-L-fucosidase. The 
patient, à 24-vear-old Caucasian woman, was an only 
child. Her mother was dead and her father was unknown. 
Her maternal grandfather was himself the only surviving 


Address for reprints: Dr M. Snodgrass, Stirling Royal Infirmary, 
Stirling, Scotland 


child of a first-cousin marriage. She is now severely 
mentally retarded. She sees well enough to recognize 
people, hears normally, and is able to say an occasional 
word. Neurological degeneration is progressive with 
resulting flexion contractures of legs and arms. Her 
features are coarse, resembling gargovlism (Fig. 1), and 
her skull is large (circumference 56 cm, length 18:5 cm, 
breadth 15 em, cephalic index o:81). Her tongue is 
ulso large and coarsely fissured, her neck is short, and 
she has pronounced dorsal scoliosis. Her hands and 
fingers are long and straight. Positive x-ray findings 
include prognathism, deformities of ribs, scoliosis with 
partial fusion of lower thoracic vertebrae, and gibbous 
deformity of lumbar vertebrae. In the wrists scaphoid, 
trapezium, and trapezoid bones are absent (Fig. 2). 
‘The most striking feature ts a generalized skin condition 
(Fig. 3) consisting of red to dark red macules and 
papules, especially on the breasts, thighs, and pelvic area. 
Blood can be expressed from some but not others, which 
appear papillomatous Hexural areas. 
Histologically they are reported to be ‘simple lymphan- 
giomas with a marked angiomatous element’, 

The eyelids have an antimongoloid slant. The distance 
between the inner canthi is 35 mm and between the 
outer 102 mm. There is an alternating concomitant 
divergent strabismus (-15 to —20 ). With eves fixing 
centrally in alternation, the interpupillary distance is 
73 to 74mm, There are small red macules and spider 
naevi on the lids and brow which empty on pressure. 
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riG, 2. X-ray films of hands and wrists : absence of 
scaphoid, trapezium, and trapezoid bones 


Blepharospasm is frequent. Both bulbar and, to a lesser 
extent, palpebral conjunctivae, have dilated tortuous 
vessels, some with saccular dilatations (Fig. 4). There 
is a moderate hypermetropic astigmatism with the rule, 
The corneae are oval transversely (estimated vertical 
diameter 10 mm, horizontal 12mm) due to some 
scleralization at the limbus above. The anterior chambers 
are of normal depth and the corneae and lenses are clear. 
The fundi show macular changes resembling bull's eye 
retinopathy. The foveal area has fine brown pigmentation 





and is ringed by a zone of hypopigmentation. The rest 
of the macular area has fine brownish, slatey-blue 
pigmentary change with occasional clumps of dark 
brown pigmentation. The discs and vessels are healthy 
and there is no undue tortuosity of the vessels. In the 
equatorial region in the left eye near the inferior tem- 
poral vessels are two small brown pigmented spots 
surrounded by an areola of hypopigmentation (Fig. 5). 

‘The patient's maternal grandfather, the only relative 
able to be examined, is physically and mentally normal 
and his fundi are healthy. His x-L-fucosidase level ts 
about half of normal. 


Discussion 


Unfortunately, because of the patient's almost 
complete inability to co-operate and her blepharo- 
spasm, special examinations could not be per- 
formed. The general appearance and x-ray changes 
in ribs, spine, and wrists are similar to those found 
in gargovlism. However, she has no other clinical 
features or diagnostic enzymatic deficiencies to 
support a diagnosis of mucopolysaccharidosis. 
The widespread maculo-papular rash and the 
saccular dilatations in the conjunctival vessels 
resemble those described by Velzeboer and de 
Groot (1971) in Anderson-Fabry disease. ‘This 
diagnosis can be excluded by the absence of the 
characteristic histology and the presence of a 
normal x-galactosidase level. The fundal changes 
of bull's eve maculopathy resemble those first 
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described by Hobbs, Sorsby, and Freedman (1959) 
in cases of chloroquine poisoning. Recently a 
similar clinical picture has been noted by Weise 
and Vannuzzi (1974) in nine patients in the 
absence of chloroquine therapy. This maculopathy 
has also been reported in children in a hereditary 
form by Deutman (1974). After extensive investi- 
gations he showed it to be due to degeneration of 
cones, Neither of these two groups of bull's eve 
maculopathy shows any clinical features of fuco- 
sidosis, but could there be a relative deficiency of 
the enzyme as a predisposing factor? 
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Ocular findings in a case of fucosidosis — xx 


Summary 


The ocular findings in a case of fucosidosis are 
described and the differential diagnosis is discussed. 
It is suggested that the level of x-L-fucosidase 
should be estimated in cases of bull's eve retinopathy. 


I thank Dr J. Dudgeon, Department of Ophthalmology. 
University of Glasgow, for his helpful advice, and 
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Glasgow Western Infirmary, for his fundus painting. 
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reproduction of the colour illustrations, 
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Annular choroidal sclerosis 


A. CHOPDAR 


Fundus Clinic, Moorfields Eye Hospital, High Holborn, London 


Annular choroidal sclerosis is a rare kind of fundus 
disease. It was first described by Knapp (1907) 
but later Schocket and Ballin (1970) added two 
more cases to the literature. 


Material and methods 
CASE REPORT 


A ag-year-old White man was seen in the fundus 
clinic of Moorfields Eye Hospital in September 1974. 
He had a history of gradual deterioration of vision in 
both eyes for the past five months. He had been seen 
elsewhere earlier that year when visual deterioration first 
became noticeable in the right eye, with a diagnosis of 
central serous retinopathy, and had received a course of 
systemic corticosteroids. One month later symptoms be- 
gan in the left eye, while still on systemic corticosteroid 
treatment, and he was referred to the fundus clinic. He 
gave no history of any previous ocular or systemic 
illnesses. There was no family history of similar disease 
or of consanguinity. 


OCULAR EXAMINATION 


The visual acuity was 6/18 in each eye. External 
examination-——including slit-lamp biomicroscopy, pupil- 
lary responses, and extraocular movements—was 
normal. The fundi showed bilateral symmetrical annular 
bands of depigmentation beginning at the upper part of 
the optic disc, passing along the course of the upper 
temporal vessels; and circling round an oedematous 
macula. This circle of depigmentation was somewhat 
incomplete inferiorly. There were a few pigment clumps 
on the surface of the retina along the band of de- 
pigmentation, but no evidence of narrowing of the 
retinal blood vessels or optic atrophy. 

The fluorescein angiogram showed early background 
choroidal fluorescence through the defective retinal 
pigment epithelium, surrounding a hypofluorescent 
macula, in a horse-shoe manner. The lower incomplete 
part showed spotty windowing. 'The late frames of the 
angiogram showed leakage into the macula and scleral 
staining corresponding to the depigmented band (Fig. r). 

Eighteen months after the onset of symptoms his 
visual acuity and visual fields had remained un 
The fluorescein angiogram showed there was very little 
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leakage into the macula, and no further advance of the 
choroidal sclerosis. 


RETINAL FUNCTION TESTS 


Perimetry revealed an incomplete ring scotoma between 
the 10? and 20? isopters around the point of fixation in 
each eye which matched very closely to the band of de- 
pigmentation seen clinically (Fig. 2). The colour vision 
was normal. The dark adaptation curve showed a rise 
in the final threshold by 14 log units. The electro- 
oculogram was flat, while the electroretinogram was 
reported to be normal. 


LABORATORY EXAMINATIONS 


The haematological examination showed haemoglobin 
154 g/too ml, total white cell count 9000 mm’, 
neutrophils 57 per cent, lymphocytes 34 per cent, 
eosinophils 4 per cent, monocytes 5 per cent, packed cell 
volume 44 per cent, mean cell haemoglobin concentra- 
tion 34 per cent, and erythrocyte sedimentation rate 4mm 
in r hour. Serological tests for syphilis and Reiter's 
syndrome were negative. 


PEDIGREE 


The seven-year-old daughter of this patient had a visual 
acuity of 6/6 in each eye. Her fundi showed gross retinal 
pigment epithelial disturbance and a faint arc of de- 
pigmentation extending both upwards and downwards 
adjacent to the temporal border of the optic disc. 
Fluorescein angiography revealed patchy choroidal 
filling and windowing owing to defective retinal pigment 
epithelium. The depigmented arc at the temporal border 
of the optic disc gradually took on a somewhat oval-ring 
shape, and showed some loss of choriocapillaris. Both 
maculae were normal (Fig. 3). No other member of the 
family showed any such clinical signs (Fig. 4). 


Discussion 


The case described here has many findings similar 
to those reported by the previous authors as 
circinate choroidal sclerosis (Knapp, 1907; 
Schockett and Ballin, 1970). Zimmerman and 
Fitzgerald (1975) described a case of ‘peculiar 
degenerative choroidal sclerosis’ affecting both 


Annular choroidal T le yrs SI1 





FIG, 1 


eves in a 60-year-old man, with many features 
similar to circinate choroidal sclerosis. ‘The term 
‘annular’ has been chosen to avoid confusion with 
the well-established circinate retinopathy seen in 
various fundus disorders. 

Annular choroidal sclerosis, although rare, is a 
definite entity. Careful analysis of all reported cases 
showed bilateral occurrence in both sexes at all 
ages. The visual acuity may also be reduced 
depending upon the amount of damage to the 
macula. From this fluorescein study it was apparent 
that the initial lesion lay in the choriocapillaris, 
leading to degeneration and atrophy of retinal 
pigment epithelium which progressed in an annular 


(a) Composite fundus photograph of right eve, from various stages of fluorescein angiography, showing 
annular choroidal sclerosis 


pattern from the optic disc round the macula 
Macular oedema during the active phase of the 
disease was probably due to damaged choriocapillaris 
and altered metabolism of the retinal pigment 
epithelium. Later the activity subsided and the 
macular oedema resolved, leaving an annular band 
of choroidal sclerosis around the macula. The flat 
electro-oculogram suggested widespread damage 
of the outer laver of the retina, probably secondary 
to the impaired choroidal circulation 

[n this familv the genetic evidence is inadequate, 
although the seven-year-old daughter did show 
some of the signs of the disease both clinically and 


angiographically. [t has not been possible to com- 
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FIG. 1r (b) Fluorescein angtographn 
appearance of left fundus, Yo min 
after injection of dve showing an 
annular pattern of choroidal 
sclerosis, similar to that of right eve 





plete all the desired investigations on this very Defective electrodiagnostic results and abnormal 
voung girl because of lack of co-operation, and it dark adaptation would arouse suspicion of tapeto- 
will need many vears of follow-up to see if the full retinal degeneration such as retinitis pigmentosa and 
form of the disease will develop. choroideremia. Central choroidal sclerosis and 
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FIG. 2 l'isual fields showing ring scotomas matching choroidal sclerosis seen in Fig. 1 
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EA Showing full form of the disease 
Suspected case 
Myopia 
It Squint 
All members shown on the 
pedigree have been examined 
Wi 


FIG. 4 The pedigree 


geographical choroiditis may-at times be confused 
with annular choroidal sclerosis because of macular 
oedema, but in all these cases the visual acuity is 
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severely affected and atrophic changes start at the 
macula. Rarely myopia and albinism might be 
suspected because of the sparseness of the retinal 
pigment epithelium. 


Summary 

This is a case description of a rare fundus condition 
known as annular choroidal sclerosis. No more 
than four previous cases have so far been reported. 
In this article consideration is given to the patho- 
genesis of the disease and a possible familial link. 
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Distribution of myopia in aphakic retinal detachments 


MONTAGUE RUBEN ann PUSHPA RAJPUROHIT 
From the Contact Lens and Prosthetics Department, Moorfields Eve Hospital, London 


The aetiology of retinal detachment after lens 
extraction requires analysis to determine common 
factors. According to Treister (1972) an increased 
incidence is due to the use of chymotrypsin. 
Shapland (1934) quotes an overall incidence of 
2:2 per cent using the extracapsular technique. 
He thought it to be higher in mvopic aphakia but 
he gave no figures. Hyams, Bialik, and Neumann 
(1975) give an incidence of 677 per cent for myopia 
above -6-00. The factors that may be considered 
statistically are age, sex, surgical technique, type 
of anaesthesia, and precataract refractive error. 

Details of surgical technique are difficult to 
analyse, but the essential procedures may be 
grouped easily into extra- and intracapsular removal 
of the lens, cryoextraction, and use of enzyme. 
Complications such as vitreous loss may also be 
clearly indicated. Results may be analysed by 
using corrected acuity as the yardstick, though the 
incidence of poor acuity after extraction is likely 
to be high in degenerative myopia, complicated 
cataracts, traumatic cataracts, and infantile cataracts. 
The results analysed in this paper exclude infantile 
cataracts, in which the incidence of detachment is 
high (Shapland, 1961) and the acuity poor (Ruben, 
1969). 

By analysing the results of almost 1000 cataract 
extractions for the incidence of detachment and 
for visual acuity and a random group of them for 
refractive error power corrections we hoped to 
show the role of myopia in the incidence of aphakic 
retinal detachment. In order to obtain these results 
a schematic aphakic eve was introduced so that 
the precataract refractive state could be easily 
calculated. 


Patients and methods 


The operation records and in- and outpatient notes 
were studied of all patients operated on for cataract by 
the corneo-scleral section lens extraction procedure at 
the High Holborn Branch of Moorfields Eve Hospital 
in the three years 1967-9. All aspirations and washouts 
were excluded. The following information on each 
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patient was noted: age at time of operation; sex; details 
of operation (general anaesthetic, extra- or intracapsular 
or cryoextraction, forceps, type of section, vitreous 
loss); postoperative data; best acuity with spectacles; 
preoperative refractive state (when recorded); detach- 
ment of retina in the postoperative aphakic state or 
in the phakic state at time of operation: site of retinal 
tears; acuity after retinal surgery; referral of patients 
for hitting with contact lens. 


SCHEMATIC APHARIC EYE 


A schematic aphakic eve was used to relate the post- 
operative to the precataract refractive state, 

Given an average phakic power of + 60°00 and an 
average keratometry of 7:80 (RÍ-cr37) the average 
spectacle power at a back vertex distance (BVD) of 
15 mm = -ry350. Thus for each refraction post- 
operatively the equivalent sphere was found and the 
ocular refraction calculated. (BVD =13 mm). The 
difference between the two gives the preoperative 
refractive state, It would be unwise for these figures to 
assume a tolerance greater than c poo and therefore 
the grouping of the results will be in s dioptres. 

The following is an example of the calculation, 

Spectacle retraction = + 14:00; 2-00 = 180 (BV D i5); 
equivalent sphere refraction — ~ 13:00; schematic spec- 





tacle refraction == «13:50; therefore the preoperative 
refractive state-- 4:50 hypermetropia (no effective 


m 


power correction for ocular refraction unless over § 
dioptres). 


Results 


The results are given, first, as general data and, 
secondly, those that specifically refer to aphakte 
detachment of the retina, 


GENERAL DATA 


The total number of operations was 944 (Table 1). 
For each vear the numbers were 332, 350, and 260 
respectively. Of the total number 896 were unilateral 
operations and within the period 48 patients had 
the other cataract removed. Thus 944 cataract 
operations represent 896 patients. ‘Their average 
age was 65 and 448 were men and 448 were women. 
increase both in the use of general anaesthesia and 
of the cryo probe for lens extraction (Table I). 
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Table I Numbers of cataract operations, 





patients, and aphakic detachments 

No. of No. of No. (per cent) 
Year patients operations — of detachments 
1967 304 332 18 (5:4) 
1968 344 350 19 (5:4) 
1969 248 262 17 (6:4) 
Total 896 944* 54 (577) 





*Unilateral —896 (95 per cent); bilateral 48 (5 per cent) 


Table II Use of general anaesthesia and 
eryoextraction for lens extraction in each of the 
three years 1967—9 











General 
No. of anaesthesia Cryoextraction 
Year operations No. (per cent) No. (per cent) 
1967 332 53 (12) 34 (10) 
1968 350 287 (82) I91 (54) 
1969 262 220 (84) 262 (100) 
Total  944* 560 487 





*Extracapsulsr extraction $3 (5-6 per cent); intracapsular extraction 
89r (94:5 per cent). Inferior section used in 8 glaucoma eyes 


Table II Best postoperative visual acuity in 
. 944 cases of lens extraction 











No. (per cent) 
Acuity of cases 
HM to CF 88 (9:6) 
6/60—6/36 IIO (11:9) 
6/24-6/18 210 (22:9) 
6/12-6/9 340 (37:0) 
6/6-6/5 170 (18-6) 
Not known* 26 (2:1) 
Total 944 (100) 
*Including blind eyes 


HM -— hand movements; CF —counting fingers 


‘These years are therefore relevant to any discussion 
on the aetiology of retinal detachment in aphakia. 
Only eight cases had an inferior section and this 
number will not substantially affect the percentage 
incidence in the remaining 936 eyes. 

The best postoperative spectacle correction 
findings are based on figures for only 918 eyes 
(Iable III) 'Ihese results will be discussed in 
relation to the phakic equivalent refractive state 
subsequently. Cases are grouped according to the 
visual acuities recorded in their notes by medical 


and sight-testing optician staff. When complications 
prevented measurement of acuity or none was given 
blindness could not be assumed. But it must be 
assumed that many of the 26 cases in which acuity 
was not known or unrecorded were, in fact, blind 
eyes. For the purposes of useful vision a corrected 
acuity better than 6/24 is a ‘watershed’, and 77 per 
cent fall within this category. 

In 46 patients refractions done before operation 
revealed myopia between -10°00 and ~20°00 
(Table IV), and this will be commented on in 
relation to the estimated number of similar myopes 
for the whole group (Table V) and the figures - 
quoted in Tables VI to VIII, which analyse the 
groupings of myopia in aphakia with detachment of 
retina. 

Analysis of the 117 randomly selected refrac- 
tions, using the schematic aphakic eye and its 
spectacle correction of -4-13:50, showed that 
78-7 per cent were in the refractive group —4°00 to 
--4:oo0. This method can only approximate the 
precataract refraction state since the schematic 
eye calculations assume constants for BVD and 
refractive index (RI) and tolerances of refraction 
subjective testing, which are not known. For 
the purposes of this analysis 19:5 per cent were 
myopic over —5:00 and 7-70 per cent myopic 
over ~10°00 in the precataract state. 

'The total number of retinal detachments occur- 
ring in the postoperative phase was 54 or 5*7 per 
cent of the total eyes operated on and the yearly 
analysis was 5:4, 5:4, and 6:4 (T'able I). In some 


Table IV Patients with high preoperative 
myopia between —10:00 and —20:00 











Year No 
1967 15 
1968 17 
1969 14. 
"Total 46 





Table V Phakic equivalent refractive state in 
117 randomly selected eyes with extrapolation for 
944 eyes 





Refraction (117 eyes) No. Extra- 
———————————————— (percent) polation 
Phakic equivalent — Aphakic of cases (944. eyes) 
—10'00 t0-20'00 +350 to -6'so 9070 69 

—5'00 to -9:00 c4 soto --8-so rg (12:8) — 119 

—4'00 to oo +9°§0 to + 13:50 78 (66:6) 640 
-Frooto-k4' oo -+1450 to -F 17:50 I4 (ta'r) 108 

Over + 5-00 Over + 18:50 I (1*0) 8 

Total 117 (100) 044 





instances the detachment was bilateral. Thus there 
were 43 patients with 54 detachments, the inci- 
dence of bilateral detachment being almost 20 
per cent of the detachment group. The sex distri- 
bution was men 65 per cent, women 35 per cent 
(Table VI) A male predominance was also noted 
by Shapland (1934). The average age (59) of the 
patients with aphakic detachments was lower than 
that of the whole group. This high incidence of 
bilaterality has also been noted by Kanski (personal 
communication). 

In the detachment group 33 had known refractive 
powers. Of those aphakic patients in this study who 
.had retinal detachments and whose refractions 
were known, no fewer than 16 out of 33 (50 per 
cent) had a refractive error of more than —ro 
dioptres (Table VIII) The distribution of re- 
fractive errors in the whole group of 944 eyes can 
be deduced by reference to a study of the data in a 
sample of 117 eyes in which the refractions were 
known (Table V). 

It is possible to calculate from these data the 
incidence of retinal detachment in myopes of 
—10 dioptres or more. It is known that 50 per cent 
of all patients with detachments had refractive 
errors of —10 dioptres or more. This would give an 
expected figure in the whole sample of 944 of 27 
eyes (so per cent of the detachments) out of 69 eyes 


Table VI Data on 43 patients (54 eves) with 
aphakic retinal detachments (one traumatic 
detachment excluded) 





Sex 

Male 28 (65 per cent) 

Female 15 (35 per cent) 
Age (years) 

Average 59 

Range 30-86 
Detachment 

Unilateral 43 (80 per cent) 

Bilateral 1I (20 per cent) 





Table VII Incidence of myopia in 54 eyes with 











aphakic retinal detachments 
Preoperative No. of Percentage 
. refraction cases (of 33 cases) 
Emmetropia 8 24. 4a 24 
o to —4°00 6 18 
—5:00 to —9:00 3 8 58 76 
—10°00 to —20:00 I6 33 50 
Not known 2I 
Total 54 
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Table VII Probability of aphakic retinal 
detachments accordtng to refractive error 





Incidence 
Refraction (per cent) 
In refractive groups 
© to —00 3'5 
-$'00 to —9':00 42 
—10'00 to ~20°00 40'0 





Table IX Operation data in 54 cases of aphakic 
detachment 





No. (per cent) 

Data of cases 
Intracapsular 52 (96) 
Extracapsular 2 (4) 

Cryo probe 32 (59) 
Forceps 8 (15) 
Chymotrypsin 19 (35) 
Vitreous loss 6 (11) 





(the calculated number of eyes in the whole sample 
of aphakics with refraction of —10 dioptres or more). 
This gives an incidence of retinal detachment in 
aphakia, in which the original refraction was —10 
dioptres or more, of 27 out of 69, almost 40 per 
cent. The expected incidence in the other refractive 
groups can be similarly calculated (Table VIII). 

Aetiological factor$ apart from myopia require 
analysis of the operation details (Table IX) and 
will be dealt with in discussion. But it 1s significant 
that for the years 1967, 1968, and 1969 (Table I) 
the incidence of detachment does not vary more 
than one per cent although the change from forceps 
to cryo probe extractions was more than threefold. 
The intra- extra-capsular extraction ratio and use 
of the cryo probe is not very different from that 
shown in Table II for the whole series and therefore 
not significant. Vitreous loss in the detachment 
group is significant (11 per cent) since the figures 
for the whole series were less than 1 per cent. 

'The period for analysis began in 1967 from the 
date of first operation and the case notes were 
studied up to the time of the survey (December 
1975). We could therefore plot the time factor in 
the incidence of detachment (Table X). In 33 
cases where information was clearly obtained two- 
thirds occurred in the first postoperative year and 
nearly one-third in the second. 

While we did not originally intend to obtain 
information about the site of the retinal break 
this was clearly indicated in 36 eyes and the results 
are given (Table XI). Half of the eyes had a com- 
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Table X Time of onset of retinal detachment 
after cataract extraction 





Time No. of First Second Third year 
(months) cases year year or more 
I 6 
4 7 
g 6 21 
12 2 
24. IO IO 
224 2 2 





Table XI Site of break in retina in 36 eyes 





Site No. of cases 
Temporal 6 
Upper I 
Lower 5 
Nasal 12 
Upper 2 
Lower 10 
Complete 18 
Total 36 





plete detachment. But of the remaining 18, six 
showed temporal and 12 nasal retinal breaks. One 
was upper temporal, five lower temporal, 10 lower 
nasal, and two upper nasal—a pronounced pre- 
ponderance on the lower retina and nasal side. 
There were insufficient data to relate this to vitreous 
wound inclusion and secondary retraction of 
vitreous. 

Comparison of the visual acuities after retinal 
surgery (Table XII) with those for aphakia (Table 
III) shows a substantial loss in central acuity and 
almost fourfold incidence of blindness (less than 
6/60). 


Discussion 


The use of the cryo probe and general anaesthesia 
for lens extraction increased almost fivefold in the 
period 1967-68, yet the incidence of detachment 
remained essentially the same. According to 
"Treister (1972) chymotrypsin increases the incidence 
of detachments. In our group of 944 eyes enzyme 
was used for extractions in 32 per cent of cases and 
the incidence of aphakic retinal detachment was 
5*7 per cent. Shapland (1934), however, quotes an 
incidence of retinal detachment of 2:2 per cent for 
extracapsular extractions, and his figures are 
derived from hospitals historically associated and 
with similar populations. The essential differences 
between the philosophy of cataract management 


and surgical technique in the 1920s and the 1960s 
are shown in Table XIII. The proportion of high 
myopia in Shapland’s patients and in our series 
cannot be statistically compared since early figures 
are not available. While there is no reason to 
believe that Shapland's figure of 2:2 per cent in- 
cludes a much lower number of myopes he con- 
cluded that there was a high proportion of myopics 
among cases of aphakic detachment. Hyams and 
others (1975) give an incidence of 6-7 per cent for 
myopia above -6-oo. 

The procedure for cataract extraction in our 
group did not differ radically from that of others 
and no cases had prophylactic retinal treatment. 
Thus high myopia is undoubtedly a cause for 
concern when cataract extraction is considered. 
The reports of Schepens (1951) and Hyams and 
others (1975) confirm this. The finding of Benson, 
Grand, and Okun (1975) that prophylactic retinal 
surgery lowers the incidence of aphakic detach- 
ment must therefore be heeded. Barraquer (1958) 
found a higher incidence of detachment among 
emmetropics because all the high myopes had had 
precataract extraction scleral resections. 

Cataract extraction was bilateral in 5 per cent of 
our 944 eyes and the incidence of detachment 
among the bilateral cases was 11:7 per cent. This 
would be expected as the figure is approximately 


Table XII Visual acuity after retinal surgery in 
62 eyes 





No. (per cent) 


Acuity of eyes 

HM to CF 25 (40°4) 
6/60-6/36 14 (22°5) 
6/24-6/18 Ir (17:8) 
6/12-6/6 12 (19°3) 
Total 62 (100) 


HM =hand movements; CF —counting fingers 


Table XII Comparison of management of cases 
of cataract and of surgical technique in extractions 
in 19208 with those in 1960s 





19208 x96Gos 
Time to operate Mature cataract Immature to mature 
Average age 65 plus 65 minus 
ar Majority Minority 
I Minority Majority 
Zonulytic enzyme None 40 per cent 
Sutures otor 2to7 
Ab. externo incision None Over 50 per cent 
Cryoextraction Nona s5 per cent 
Prophylactic retina 
treatment None Minimal 
Incidence of detachment — 2:2 per cent $7 per cent (1967—9) 


Ls HÓA ÓÓÓÓ€ A ÍítÍÓ$—Y— € 


twice the incidence of unilateral cases (35:7 per cent). 
Shapland (1961) noted in his series that detachment 
was commoner in men, and this was so in our 
series. 

According to Hirsch (1964) fewer than 1 per cent 
of people have degenerative myopia and 15 per 
cent have myopia of more than -1-:00. Sorsby, 
Sheridan, Leary, and Benjamin (1960) consider 
that only 3 per cent of younger myopes are outside 
the range of oo to —6:oo. Thus, bearing in mind 
the crude tolerance of the schematic aphakic eve, 
our analysis gives a distribution of cases of myopia 
presenting for cataract extraction of 20 per cent 
over -5'00 and 7:7 per cent over —10:0o. Therefore, 
using Hirsch's figures, we conclude that the inci- 
dence of cataract in. degenerative myopia is high, 
which 1s a clinically accepted fact. 

The incidence of detachment in aphakic mvopic 
eyes may be given in different forms. Thus it can be 
given for each refractive group or for the whole 
group. The probabilitv of having a detached retina 
is 40 per cent for over -10'oo and only 3:5 per cent 
for emmetropes and low myopes. The incidence of 
detachment based upon the corrected total becomes 
2:3 per cent for emmetropia and up to —4:o00, 0-6 
per cent for -5:00 and over, and 2:6 per cent for 
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-10'00 to —20'00—a total of s:5 per cent, which is 
the total true incidence of detachment for our whole 
series (Table I) Thus the expected refractions 
based upon the schematic eve equal the observed 
findings. 


Conclusions 


From this study of 944 cataract extractions the 
following conclusions are drawn. 

The incidence of retinal detachment after 
modern cataract surgery is 5:7 per cent. The inci- 
dence of detachment is different in different refrac- 
tive states, the incidence in cases whose pre- 
aphakic refraction is -10 dioptres or more being as 
high as 40 per cent. 

It is also shown that high myopia not only pre- 
disposes to aphakic detachment but also to cataract 
itself. 

Evidence is presented that the techniques of 
extraction do not influence the detachment rate 
nearly so much as the preoperative refractive state, 
Nevertheless there does appear to be à greater 
incidence of aphakic detachment in the current 
series of cases than in a series reported by Shapland 
(1934). 
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Aetiology of keratoconus 


A. G. KARSERAS ann M. RUBEN 


From the University Department of Surgery, Welsh National School of Medicine, Cardiff, 
and the Contact Lens Department, Moorfields Eye Hospital, London 


The diverse associations of keratoconus suggest 
that it is the end result of a number of different 
pathological processes. It may therefore be regarded 
as a heterogeneous group of conditions with identical 
clinical signs but with a varied pathogenesis. ‘The 
present study is concerned with an analysis of the 
general medical and psychological associations of 
75 keratoconus patients who attended the contact 
lens department of Moorfields Eye Hospital. Their 
psychological and behavioural characteristics were 
studied because Copeman (1965) reported that a 
number of patients with keratoconus had an 'odd 
mentality. Sisters nursing keratoconus patients 
after corneal grafting had also remarked on the 
unusual personalities of several of them. 


Patients and methods 


Data collected in an identical fashion frora 75 patients 
with keratoconus and a control group of 231 randomly 
selected (one in five) outpatients from the same hospital 
included (1) sex, (2) age, (3) occupation, (4) history of 
psychoneurosis, (5) family history of psychoneurosis, 
(6) completion of the Middlesex Hospital questionnaire, 
and (7) completion of an analogue scale for the subjective 
assessment of total life stress. 

The Middlesex Hospital questionnaire (MHQ) is an 
inventory giving a total score for psychoneurotic mani- 
festations based on subscores of anxiety, phobic anxiety, 
depression, obsessionalism, extrovert qualities com- 
monly associated with hysteria, and somatic symptoms 
commonly of psychogenic origin. In the analogue scale 
the patient is asked to mark along a line of ro digits in 
proportion to his subjective assessment of life stress. 


o 
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After the first 20 patients in the keratoconus group 
had been studied particular inquiry was made of the 
remaining patients about the amount and purpose of 
eye-rubbing; a history of hay fever, asthma, eczema, or 
vernal catarrh; and a history of recurrent styes, cysts, 
blepharitis, or irritating eyes. Subgroups were isolated 
on a basis of associated systemic or local factors and 
their MHQ acores compared. All patients were inter- 
viewed and assessed for the presence of psychosis or 
overt psychopathic personality. Twenty keratoconus 
patients allowed free discussion of a possible association 
between deviant sexual behaviour and the eyes. 
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Results 


The 75 keratoconus patients resolved themselves 
into five main groups, comprised as follows. 

Group 1, 26 patients with asthma or hay fever. 
A history of recurrent episodic wheezing or 
distressed respiration was taken as indicating 
asthma and seasonal sneezing and itchy eyes as 
indicating hay fever. Not all of these patients were 
aware of their clinical status. 

Group 2, 14 patients with a dermatological 
disorder (13 eczema, one psoriasis), of whom 11 
also had asthma or hay fever. Thus 37 out of 75 
patients gave a history of likely atopy. 

Group 3, 10 patients with a history of recurrent 
styes or cysts or chronically irritable eyes associated 
with blepharitis. All admitted that they habitually 
rubbed their eyes. 

Group 4, 22 patients with no distinguishing 
features. Only five volunteered or acknowledged 
that they rubbed their eyes. They stated that they 
did so because the eyes were tired or ached. 

Group 5, three patients with a family history of 
keratoconus. In one there was a family history 
of arachnodactyly and in another a family history of 
asthma. 

Out of the 55 patients closely questioned about 
eye-rubbing 40 gave a positive response. Some of 
these denied any personal knowledge of eye- 
rubbing but remembered mothers or others 
reprimanding them for it. One patient with eczema 
denied eye-rubbing or skin-scratching, yet there 
were obvious scratch marks on facial eczematous 
lesions. 


OTHER FINDINGS 


There were more males among the keratoconus 
group (71 per cent) than among the controls (47 
per cent) (P < o:oor). The mean age (+SD) of 
the keratoconus patients was 27:3 + 8-7 years 
(oldest 57 years) and that of the controls 46:9 + 13 
years. As judged by the Registrar General's 
classification based on occupation, most of the 
keratoconus patients were from social classes I and II 
(Fig. 1) whereas half of the total general population 
was from social class III. There was no significant 
difference in the number of keratoconus patients 
and the number of controls with a history of 


a eons cars aene de. 
V 





Social class 


FIG. 1 Social class of 75 keratoconus patients and of 
random sample of ophthalmic outpatients 


psvchoneurosis. This was assessed from a history 
of frequent visits to the general practitioner, taking 
appropriate medicaments, or admission to hospital 
(7? analysis). By the same criteria there was no 
significant difference between the number of 
patients and controls with a family history of 
psvchoneurosis. The average total MHQ score of 
neuroticism for all the keratoconus patients (three 
patients with a family history of keratoconus were 
excluded from this comparison) compared with the 
total MHQ score of the controls did not reach 
significance (7? analvsis). The value for ‘life stress’, 
as assessed by the analogue scale, was lower in the 
keratoconus patients (3:68, SD 2:24) than in the 
controls (4°63, 5D 2:83) (P < 0-003). The com- 
ponents of the MH Q-—anxiety, depression, phobia, 
obessionalism,  psvchosomatism, and  hvsteria— 
were subjected to the F-test of significance for 
each keratoconus patient subgroup. There was no 
significant difference for any of these variables in 
the subgroups. In particular, the scores in the 
idiopathic group 4 were similar to the other 
subgroups. 


Discussion 


Keratoconus has been recorded in association with 
a variety of local and general disorders (Duke-Elder 
and Leigh, 1965). Manv of these may be chance 
associations with no important pathogenetic impli- 
cations. The outstanding clinical observation in 
the present study is the prevalence of atopic 
conditions. A history of hay fever was elicited in 
23 patients (32:6 per cent) and of asthma in 25 
patients (33:3 per cent). The incidence of asthma 
in the general population is in the region of 0:59 
per cent (Boland, 1963). 

Ridlev (1956) first drew attention to the wide 
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variety of atopic conditions associated with 
keratoconus, and observed that the association was 
much closer than could be explained by chance. 
Copeman (1965) also found this. Our study confirms 
these findings. The incidence of atopy in our 
patients with keratoconus was much higher than 
observed by Ridley, but we saw no cases of vernal 
catarrh as reported by Bietti and Terraboschi 
(1958). Like Copeman (1965), we found a high 
incidence of eczema in keratoconus patients. The 
incidence of keratoconus in asthma and hay fever 
has not been studied, but clearly it is not an 
infrequent complication. Brunsting, Reed, and 
Bair (1955) found that out of 1158 patients with 
atopic dermatitis six had keratoconus. The ps 
per 1000 hospital eve patients with keratoconus 
found by Franceschetti and Caronnes (1960) must 
be considerably higher than the incidence of 
keratoconus in an unselected population. The 
incidence of keratoconus in patients with atopic 
eczema is thus considerably greater than in the 
general population. 

Within a short time of starting the present study 
it became clear that many of the patients rubbed 
their eves excessively, particularly those with an 
associated atopic condition. A detailed history of 
the incidence and nature of eve-rubbing was 
therefore obtained in the final 35 patients. Forty of 
them admitted to an abnormal amount of eve- 
rubbing. Ridley (1961) first noted the prevalence of 
eve-rubbing in keratoconus and found an incidence 
of 70 per cent (Ridley, 1966). Rarely severe eye- 
rubbing in keratoconus patients has been attributed 
to psychotic behaviour (Ridlev, 1966), compulsive 
rubbing (Copeman, 1965), or a sexual deviation in 
which the patient experiences sexual gratification 
on rubbing the eves (ocular masturbation). Ridley 
(personal communication) has met the latter once, 
in a celibate priest who achieved orgasm bv 
rubbing the eyes rather than the prohibited genitalia. 
‘True compulsion—where the patient repudiates, 
unsuccessfully, purposeless eve-rubbing-—-was not 
encountered in the present series. Copeman (1965) 
used the term ‘compulsion’ in a different sense. 
Likewise, psychotic or sexual behavioural ab- 
normality was not encountered. Investigation of 
the latter was limited to 20 patients with whom 
rapport was sufficiently established to allow free 
discussion of the possibility of ocular masturbation. 

Apparently, therefore, patients with keratoconus 
who progress to contact lens wear are rarely 
psychotic, compulsive, or sexually deviant. There 
may be a higher incidence of these in patients who 
are unable to wear contact lenses. The selection of 
patients attending a contact lens department 
probably explains the absence of mesenchymal 
syndromes associated with keratoconus in our 
patients and the absence of Leber's tapeto-retinal 
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degeneration. One-third of the patients with the 
latter condition, in which eye-rubbing is a common 
feature, progress to keratoconus (Alström and 
Olson, 1957). Eye-rubbing is not an overt manifesta- 
tion of mesenchymal syndromes, although mongols 
may occasionally be seen to be rubbing their eyes 
feverishly. It would seem reasonable to suppose 
that in these conditions the cornea shares in the 
generalized defect of mesenchyme and stretches as 
a result of normal intraocular pressures or with 
normal degrees of eye-rubbing to give keratoconus. 

Ridley (1966) suggested that eye-rubbing might 
be a response to mental stress or emotional tension. 
These may initiate the habit but we failed to find 
any persistent psychoneurotic manifestations in our 
patients from the evidence of the MHQ. The 
scores of the keratoconus patients were not signifi- 
cantly different from those of the controls. Compari- 
son of the keratoconus patient subgroups for the 
MHOQ scores for anxiety, depression, psychoso- 
matism, obsessionalism, phobia, and hysteria also 
showed no significant difference. It is noteworthy 
that the 22 patients in the idiopathic group 4 failed 
to show any differences in behaviour or psycho- 
neuroticism from those in the other groups when 
possible dominant aetiological factors could be 
isolated. 

It may be that the idiopathic group 4 in our 
series belong to group 3 in our proposed classifica- 
tion (see T'able). Ridley (1966) found an incidence 
of 7o per cent of conus posticus in the 30 per cent 
of keratoconus patients who did not rub their eyes. 
Such local structural or biochemical anomaly of 
the cornea may be the dominant aetiological factor 
in the ‘idiopathic’ group 4 of the present series 
and would occupy group 3 of our proposed 
classification for keratoconus. 

.The average duration of keratoconus in our 
patients was 7:1 years. The onset of possible causa- 
tive eye-rubbing may have been several years 
before. Persistence of psychoneurosis, if it was an 
important initiating factor, might be expected if 
these patients were derived from a background of 
familial susceptibility to psychoneurosis. However, 
the incidence of a psychoneurotic history or of a 
family history of psychoneurosis was similar in the 
keratoconus patients and the control group. The 
analogue scale for current life stress was actually 
lower in the keratoconus group. The present study 
suggests, therefore, that the current, past, and 
familial psychoneurotic manifestations of keratoco- 
nus patients are within the norm. 

At least 50 of our 75 patients had irritable eyes 
from local or general causes. Probably this irritation 
acts as a trigger for eye-rubbing in response to the 
day-to-day stresses of the younger adults of the 
upper socioeconomic groups. 'T'his view is supported 
by the presentation of a patient subsequent to this 


Table Proposed classification of keratoconus based 
on dominant aetiological factor 


Aetiology 


(a) In atopics or bioallergic 
groups of vernal catarrh, 
hay fever, eczema, asthma, 
blepharitis 

(b) Leber's tapeto-retinal 
degeneration 

(c) Psychogenic-induced eye- 
rubbing in response to 
stress or emotional tension 

(d) Habit, to relieve tiredness, 
accompanying crying, 
inducing pleasurable 
phosphenes 

(e) Behavioural abnormality in 
psychotics, ocular mastur- 
bation, ? compulsive states 





Class 


(1) Eye-rubbing 


(2) Generalized 
mesenchymal 


defects Fragilitas ossium 
Mongolism 
Erhlers-Danlos syndrome 
Pseudoxanthoma elasticum 
Marfan's syndrome 

(3) Corneal defects Conus posticus 

? Specific corneal mesenchymal 
defect 

(4) Genetic Could be via atopy, some of the 
generalized mesenchymal 
defects, or corneal defects 





study who had bilateral acute keratoconus (Fig. 2). 
He was an asthmatic studying excessively hard for 
examinations, and his associated nail-biting in 
response to stress is seen in Fig. 3. He has been 
seen to rub his eyes for 10-minute periods under 
the bilateral pads and bandages that have been 
applied. Such eye-rubbing could well become 
habitual and eventually unrelated to a stimulus 
long after the subsidence of psychoneurotic 
manifestations. 


Summary 

Keratoconus kas a common association with atopic 
conditions. Most keratoconus patients rub their 
eyes excessively. Eye-rubbing is considered the 
dominant aetiological factor in two-thirds of 
patients with keratoconus who progress to contact 
lens wear. A classification of keratoconus based on 
the dominant aetiological factors is proposed. No 
significant psychoneurotic factor was found in the 
keratoconus patients compared with patients in the 
control group. 
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FIG. 2 Patient with bilateral acute keratoconus 





FIG. 3 Same patient as in Fig. 2 showing severe nail-biting 

We thank Mr K. John and Mr R. G. Newcombe, of National School of Medicine, tor their help tn preparing 
the Department of Medical Statistics at the Welsh and analysing the computerized data 
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Corneal changes in patients treated with clofazimine 


P.-E. WALINDER, L. GIP, anb M. STEMPA 
From the Eye and the Dermatological Clinics, Sundsvall’s Hospital, Sweden 


Clofazimine (Lamprene) is a phenazine derivative 
(Barry, Belton, Conalty, Denneny, Edward, 
O’Sullivan, Twomey, and Winder, 1957) which is 
active against mycobacteria (Vischer, 1969). It has 
been used in the treatment of leprosy for more 
than 10 years (Browne, 19658) and recently it has 
also been tried in different dermatological diseases 
including psoriasis and pyoderma gangrenosum 
(Gip and Stempa, 1976). A common side-effect is 
a reddish-brown discoloration of the skin (Browne, 
1965b), and there have been reports of pigmentation 
of the conjunctiva (Browne, 1965b, 1969; Schultz, 
1972) and of the cornea (Ohman and Wahlberg, 
1975), although such changes have also been denied 
(Imkamp, 1968). The possibility that clofazimine 
treatment in psoriatic patients causes corneal 
changes is discussed. 

The study comprised 19 patients who were being 
given clofazimine as a treatment for psoriasis; their 
mean age was 45 years. The dose was usually 400mg 
daily for one to two months. Ocular examinations 
covered visual acuity, slit-lamp microscopy (Haag- 
Streit goo slit lamp using X10 to 16 ocular) 
ophthalmoscopy, applanation tonometry, Gold- 
mann perimetry, and colour vision tests. T'he first 
ocular examination was performed between two 
days and two months after the clofazimine therapy 
had ceased. 

Two patients, Cases x and 2, showed obvious 
corneal changes. 


CASE I 


A 47-year-old man with psoriasis pustulosa was 
treated with clofazimine 100-400 mg daily for two 
months (total dose 20 g). The psoriatic lesions improved, 
but the skin showed a reddish-brown discoloration 
which lasted six months after the clofazimine therapy 
had stopped. 

At the first ocular examination two days after the 
end of the treatment the visual acuity, visual fields, and 
colour vision were normal. Slit-lamp microscopy 
revealed several fine brownish, branched lines in the 
most superficial layers of both corneae (Fig. 1). Some- 
times the border of the line was well marked, but at 
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other times the brownish colour merged into the 
surrounding cornea. Using high magnification (X16 
ocular) the lines showed a fine granular appearance. 
The changes were localized to the lower part of the 
cornea and there were no epithelial defects. No pig- 
mentation was seen in the deeper layers of the cornea 
or in the conjunctiva. The lens and fundus were normal 
except for a very fine granular pigmentation scattered 
over both macular regions. 

Repeated examinations during a one-year follow-up 
period showed a gradual decrease in the corneal changes. 
However, at the last examination, a few, very fine, 
brownish lines could still be seen in both corneae. 


CASE 2 


À ag-year-old woman with psoriasis pustulosa was 
treated with clofazimine 100~400mg daily for two 
months (total dose 20 g). The psoriatic lesions improved. 
The patient noted a slight reddish-brown discoloration 
of the skin and small dry spots on the legs. The dis- 
coloration had disappeared two to three months after 
the end of the treatment but some of the dry spots still 
remained six months later. 

At the first ocular examination two weeks after the 
end of the treatment the visual acuity, visual fields, 
and colour vision were normal. The slit-lamp microscopy 
revealed fine, brownish lines in the superficial layers of 
both corneae similar to those observed in Case 1 (Fig. 2). 
The conjunctiva, the deeper corneal layers, the lens, 
and fundus were normal. 

Two months later there was a slight regression of the 
corneal changes and six months later the corneal lines 
had disappeared. 

Both these patients denied having used any other 
drugs, for example chloroquine or phenothiazine 
derivatives. 


CASES 3, 4, 5, and 6 


In four patients, aged 70, 45, 37, and 32 years, 
both corneae showed a very fine, brownish line hori- 
zontally placed across the lower half at the site for lid 
closure. Using high magnification the line appeared 
slightly granular; it resembled a common change in the 
cornea called the Hudson-Staehli line. Visual acuity, 
visual fields, and colour vision were normal. At ex- 
amination six to eight months later the line could hardly 
be seen in one patient (aged 37) but was unchanged in 
the other three. 

Among the 19 patients in this study -were two with 





rig. 1. Drawing showing corneal changes in Case 1 


uG. 2 Drawing showing corneal changes in Case 2 


known cataracts. Intraocular pressure was normal in all 
patients except in one with unilateral, secondary 
glaucoma. Three of the men had defective colour vision 
but normal visual acuity, visual fields, and fundus. 
One patient had a brown pigmentation of the con- 
junctiva similar to a conjunctival naevus. The pigmenta- 
tion of the conjunctiva was unaltered six months after 
the treatment had finished. 

"There were no severe side-effects. Some of the patients 
showed a marked reddish-brown staining of the skin. 
Three patients had ervthrodermia, and a few complained 
of nausea and fatigue. 


Discussion 


There are several kinds of superficial lines in the 
cornea similar to those observed in the present 
study. The most common is the Hudson-5taehli 
line in which iron is deposited in the cornea 
(Gass, 1964). Corneal lines are also observed after 
exposure to certain substances, for example, 
atebrin, and are a well-known complication during 
treatment with chloroquine and its analogues. In 
certain corneal diseases there are brownish lines 
caused by deposition of melanin. The morphologi- 
cal resemblance and possible relationship between 
these changes are discussed by Bron (1973). 

In the present study microscopical examination 
of 19 psoriatic patients given clofazimine revealed 
bilateral corneal changes in six cases. Two patients 
showed between five and 10 brownish, curved lines 
in the superficial part of both corneae. ‘The changes 
resembled chloroquine keratopathy except for the 
brownish colour. None of the patients in this series 
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had used any drugs known to cause corneal opacities 
nor had they any corneal disease, 

The other four patients showed very slight 
changes, usually there was one brownish corneal 
line, which it was not possible to differentiate from 
a Hudson-Staehli line. This line is common in old 
people, but may be seen by the third and fourth 
decades (Gass, 1964). The brownish lines in these 
four patients may thus be a ‘normal’ finding. 
However, the fact that in one patient the lines 
diminished when the clofazimine treatment ended 
suggests some relationship with the drug. 

Eve complications in psoriatic patients are rare. 
Kerato-conjunctivitis has been described (Horowitz, 
1949), but the symptoms and clinical appearance 
are different from the corneal changes observed in 
this study. 

The excretion of clofazimine has been shown to 
be very slow in animals (Vischer, 1069). The 
pigmentation of the skin in humans has been 
reported to last for a long time (Browne, ro6sb), 
and this is confirmed by one of our patients (Case 1) 
who had a brown discoloration of the skin which 
lasted for six months. It is feasible that the skin 
pigmentation and the corneal pigmentation are of 
the same origin, thus explaining why the corneal 
changes in Case 1 persisted for at least one vear. 

Conjunctival pigmentation has been reported in 
some lepromatous patients during  clofazimine 
therapy, but was not observed in our study. 

There have been no reports of corneal changes in 
lepromatous patients given clofazimine. The reason 
may be that the changes are minimal and seen only 
by microscopical examination. [In a study by 
Imkamp (1968), however, the patients were 
examined by slit lamp and yet no corneal opacities 
were found compared to the two cases found in 
our series. This difference could possibly be due 
to the fact that Imkamp's patients had been treated 
mainly with a lower daily dose of clofazimine 
(100 mg). 

Recently, Ohman and Wahlberg (1975) observed 
brownish lines in the cornea in 10 of 26 patients 
given clofazimine as treatment for some dermato- 
logical disorders. They also found two cases with 
macular pigmentary changes compared with only 
one dubious case in our series (Case r) The 
clinical appearance and the reversibility of the 
corneal changes in their series are in agreement 
with our findings. 


Summary 


Fine, brownish lines, similar to chloroquine 
keratopathy, were observed in two of 19 psoriatic 
patients given clofazimine. There was no functional 
disturbance and the changes were reversible. 
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Clinical manifestations secondary to soft contact lens wear 


M. RUBEN, N. BROWN, D. LOBASCHER, J. CHASTON, axp J]. MORRIS 


From Moorfields Eye Hospital, London 


Soft hydrophilic (gel) contact lenses have been in 
use for a decade since they were introduced by 
Wichterle, Lim, and Max Dreifus, but their de- 
velopment as a commercial enterprise has taken 
place only during the past five years. It is now 
estimated that more than half of new patients 
being fitted with contact lenses have hydrophilic 
soft lenses. Statistics were prepared to show the 
clinical pattern in soft contact lens wear regarding 
visual acuity, keratometry, state of lids, conjunc- 
tivae, cornea, atopy, and contraceptive pill impli- 
cations. Some data have previously been given 
(Chaston and Morris, 1975; Brown and Lobascher, 
1975; Ruben, 1975; Chaston, 1974). The data 
have been programmed by computer but the results 
will be discussed in the light of clinical experience. 
This report is concerned chiefly with the analysis 
of clinical data. Data concerning lens behaviour, 
visual acuity, and wearing patterns were given 
previously (Chaston, 1974). 


Population 
A total of 151 volunteers were fitted with five tvpes of 
hydrophilic soft lenses and studied for one vear by 
ophthalmologists and ophthalmic opticians. 

Patients were allowed to wear the lenses for the 
maximum tolerable times daily; care and disinfection of 
the lenses were as advised by the manufacturers. 


Results 


The computer results were based on a data analysis 
collected over one vear and the significance of the 
results determined by 7* fraction P «oos. The 
details are shown in Tables I to VI. 

Of the 151 patients 76 had had previous experi- 
ence with hard lenses and five of that group wore 
hard lenses successfully with good daily tolerance. 
Forty-eight gave a clear history of allergy and 30 
had allergies affecting the skin. Forty women out 
of 106 were taking the contraceptive pill, represent- 
ing 3777 per cent (Table D. 

The wearing time, as averaged for the whole 
vear, was 11 hours daily to the nearest hour and for 
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Table I Details of patients 





Na. of patients 


Complete records (initia) 151: 
Complete records (other 

than initial) 231 
Patients with 

previous contact lens 


wear 50 
allergy 32 
allergy of skin 20 


Patients on pill 26 (as percentage of total) 

38 (as percentage of 
women) 

Male to female ratio 3b 








Table I Average wearing time 
Hours 
Women a ia aie 
on pill 113 
not on pill 113 
Yearly average for Schirmer's test num 
women on pill 1677 
women not on pili P 
men [53 





Table III Corneal tear film 





Percentage with 
defects in film 


continuity 
Initial Yo dings ENDE EE EEEE E E STORE AMEN USER E BEREE SS IU MP NOTE 
On pill 19 
Not on pili 24 
After 12 months 
Men and women (total) 33 
Corneal thickness 
On pill O55 
Not on pill ieee 





those patients not on the pill there was no significant 
difference (Table ID. The vearly average for 
Schirmer’s tears test was 16:7 mm for women on 
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Table IV Disease 





Lesions (as percentage of total) 


Examination 
PEK Blepharitis 
Initial visit 4. 33 
Three months 27 35 
Six months 37 46 
One year 43 48 





the pill compared with 18:1 mm for women not 
.on the pill, and for men this was 18:3 mm. Thus 
there is an indication that women on the pill may 
have a decrease in tear flow. 

The precorneal tear film was examined by slit- 
beam microscope and defects were noted. For 
women on the pill, 19 per cent were found to have 
defects compared with 24 per cent of women not 
on the pill. Whereas for both men and women after 
one year the figure was 33 per cent (Table ITI). 

Pathological changes in the eye tissues were 
noted under punctate epithelial keratitis (PEK) 
alone and with blepharitis; blepharitis and hyper- 
aemia was also correlated over the whole period 
with the time the lenses had been worn (T'able IT). 
The observations were recorded at three-monthly 
intervals. The prevalence of PEK to the nearest 
single percentage was 4 per cent initially, with a 
rapid progression after three months of wear to 
27 per cent and at one year to 43 per cent. When 
correlated with blepharitis it was found that of 
the PEK group 26 per cent had blepharitis. 
Blepharitis, itself, was commonly noted: 33 per 
cent at the initial examination but increasing to 
48 per cent after one year's wear. 

Hyperaemia of the conjunctivae increased during 
the whole period of observation (Table IV). 

The precorneal tear defects for the whole group 
(151) were further analysed into the periods of 
observation. Thus 9 per cent showed defects at 
the initial visit and by the end of the year 33 per 
cent showed defects. Tear film defects were noted 
when dry spot areas (Girard, 1970) were to be seen. 
Schirmer’s tear test when grouped and averaged 
at the three-monthly visit showed 16:0 mm at 
initial examination and 19:3 mm at the 12-monthly 
visit (Table V). 

The average corneal thickness’ (pachymetry) 
readings in the axis of fixation using a Haag- 
Streit pachometer showed an initial average reading 
of o'54 and after 12 months this was 0:57. When 
correlated with the wearing pattern it was found 
that there was not sufficient evidence to suggest 
any increase in total corneal thickness with in- 
creased wearing time. The 20—-24-hour wearers 
were only a group under five in number and the 
lower readings were not of significance. The 


gradual overall increase of corneal thickness, 
however, is of significance (Table VI). 

There were other findings that are not easy to 
present statistically. Thus, while corneal sensation 
was measured with a Cochet Bonnet angesthio- 
meter it must be recognized that this is a test that 
has an inconsistent result. Investigators reported 
subnormal readings in only 4 per cent (nearest 
I per cent) at the end of the one-year period. 

The lens movement on the eye was recorded at 
each visit but showed no relationship with changes 
in corneal thickness. . 

Corneal microcysts are evidence. of chronic 
changes in the superficial cells of the epithelium 
and initially these were noted in 4 per cent of 
patients; however, more than 30 per cent had them 
by the end of the first three-month period of 
contact lens wear and a final figure of 26 per cent 
had them at the 12-month examination. Other 
evidence of disease was epithelial and sub-epithelial 


Table V  Precorneal tear film defects (as 
percentage of whole) 





Examination Percentage 
Initial visit 9 
‘Three months 35 
Six months 30 
One year 33 
Skin allergy v. tear film defects 

x — 97662 P< o*o5 
Other allergy v. tear film defects 

x —3:6/65 
Schirmer's test (average) mm 
Initial visit 16:0 
Three months 18:1 
Six months 18-9 
One year : 19'3 


Significant at 5 per cent level 





Table VI  Corneal thickness ( average of all 
readings ) 





Examination Percentage 
Initial visit 0°54 
Three months 0-56 
Six months 0°57 
One year 0°57 


Significant at 1 per cent level. 
Corneal thickness and wear pattern 


Hours 
o to 4 0°56 
5 to9 0°56 
IO to 14 0°57 
I5 to 19 056 
20 to 24 0°52 
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punctate keratitis in nine patients; filamentary 
type keratitis in six, epithelial hypertrophy at 
upper limbal area in one patient, and stromal 
oedema with folds in Descemet’s membrane in six. 
Many of these patients had associated lens spolia- 
tion and all lesions resolved upon ceasing to wear 
the lenses. There was no overt case of infective 
conjunctivitis and all patients used a heat saline 
method of disinfection. Two patients had recur- 
rent episodes of corneal erosion with soft lens wear 
that had originated with hard corneal lens lesions. 


Discussion 


The reason for the significant number of corneal 
lesions seen at the initial visit (Tables IV and V) 
in normal adults was that half had had previous 
hard corneal lens wear experience and at least five 
patients were still successful wearers. 

While a third gave a history of some form of 
atopy, it was only the skin allergies that showed a 
positive relationship with eye lesions resulting from 
soft contact lens wear. The practitioner must 
therefore be warv of advising long wearing periods 
in this type of patient. 

The contraceptive pill has been blamed for poor 
contact lens wear but, while this group did show a 
deficiency of tears, it did not result in lower 
average wearing times (Table ID. Farrell (1973) 
had also noted this tear deficiency. 

This group of patients (151) showed no inci- 
dence of bacterial infection with soft lens wear and, 
while no comparison is possible with a reported 
incidence of infection being higher in soft lens as 
compared with hard lens patients (Ruben, 1976) 
it must be noted that this group was carefully 
monitored throughout the trial and heat-saline was 
the chief method for disinfection. 


References 


There was an obvious rapid increase in super- 
ficial eve lesions even after a few months’ wear of 
soft lenses and this was associated with a slight 
increase 1n corneal thickness which did not return 
to normal even after one year's adaptation. Thus 
no compensation has occurred, 

The incidence of deep corneal lesions, while 
small in number, is of concern since endothelial 
decompensation in patients having a latent insuffi- 
ciency could occur. 

Recurrent corneal erosion might be considered 
a contraindication for wear of soft lenses. But 
these patients were fitted with conventional soft 
lenses and not the therapeutic type, 


Summary 


The study of 151 patients wearing soft hvdrophilic 
lenses for one vear revealed no gross irreversible 
lesions with loss of vision. But of significance was 
the presence of superficial lesions of the corneal 
epithelium, and chronic stromal oedema. While no 
significant loss of wearing time was noted for 
women taking the pill, the decrease in tear secretion 
in those patients with a latent dry eve problem could 
just alter the balance to produce intolerance. From 
this report it is the long-term changes to the tissues 
that remain to be fullv investigated for soft hvdro- 
philic lenses. 
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Subconjunctival and episcleral lipid deposits 


- P " 
* 
* . 


FRAUNFELDER,* A. GARNER, ano T. C. BARRAS 


From the External Diseases Unit, Moorfields Eve Hospital, and the 
Department of Pathology, Institute of Ophthalmology, University of London 


Biomicroscopical examination of the peripheral 
bulbar conjunctiva and episcleral tissue, especially 
at the level of the palpebral fissure, commonly 
reveals globules of lipid. The globules vary in 
size from 30-80 um in diameter, although in any 
one individual they tend to be fairly uniform, and 
were first described by Paliaga (1959) in Italy. A 
subsequent report from America (Fraunfelder and 
Hanna, 1975) indicated that the prevalence of the 
lipid deposits increases with age, over half the 
population aged 50 years or more in Arkansas being 
affected. The deposits assume two basic patterns 
most often multiple globules le adjacent to blood 
vessels but sometimes they occur in small isolated 
foci. Perivascular distribution is six times more 
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common on the nasal side and twice as common 
on the temporal side when compared with isolated 
patches (Fraunfelder and Hanna, 1975). 

The purpose of this report is to compare the 
prevalence of this entity in Great Britain with that 
observed in the United States of America, to 
consider its relationship to arcus senilis of the 
cornea, and to describe the  histopathological 
features. 


Patients and methods 


From January to July 1975 over 1000 randomly selected 
Outpatients at Moorfields Eye Hospital drawn from 
various parts of Britain were examined biomicroscopi- 
cally for the presence of conjunctival or episcleral lipids, 
Some were also examined for corneal arcus senilis. 
Patients who had not spent at least three-quarters of 
their lives in the United Kingdom were excluded 
from the study. Photographs were taken using a Zeiss 
photo slit lamp and a macro camera as described by 
Brown (1970), Twenty-eight eve bank eves were 


FIG. I Slit-lamp photograph of 
multiple lipid globules in deep 


conjunctiva and episclera. = 11 


Subconjunctival and episcleral liptd deposit 
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at diffi rent ages 


tomatic and, although differing in size from pati 
to patient, were of uniform diameter 1 

person. [n on patient, who had sustained bla 
injury during the second world war, the who 


bulbar coniunctiva of both eves was filled with lipi 


globules ( Fig. 2). The youngest person to shi 
presence of globules was 21 years old. The p 
valence and Severity of the lesion Increase j wea 


up to the age of 70 vears bevond this ag 


prevalence declined (Fig iJ. "The proportH 





men and women with conjunctival lipi | IC DOs!! 
FIG. 2. Widespread distribution of lipid globules in 
bulbar conjunctiva of man who had sustained blast 
injury to both eves. I4 


examined histologically, the tissue being fixed in formol 
saline and variously stained with haematoxylin and 
eosin, oil red O, osmium tetroxide and x-naphthylamine 
(OTAN), and bv Okamato’s method for cholesterol. 
Carbowax embedding (a water-soluble wax designed to 
impregnate tissues without requiring the prior removal 


of lipid) was also performed on selected specimens. 


Results 


Clear round globules were seen at varying depths 


within the conjunctiva but predominated in the 





episcleral tissue (Fig. 1). ‘The deposits were asymp- | 
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by the deposits (Fig. 5). Although frozen and 
carbowax-embedded sections were prepared the 
lipid globules were seldom retained in the mounted 
preparation, the rare exceptions showing amorphous 
fat devoid of any limiting membrane and appar- 
ently located within. extracellular spaces in the 
loose connective-tissue of the subconjunctiva and 
episclera (Fig. 6). Staining for cholesterol by 
Okamoto's method on the gross specimen resulted 
in a blue-black reaction product. Finely particulate 
lipid which stained with oil red O and gave a 
brown-black colour in the OTAN procedure was 
demonstrable in the sclera in all cases. 


FIG. 7 Section showing lipid spaces 
in conjunctival stroma surrounded 
by giant-cell granulomatous reaction, 
Haematoxylin and eosin, ~ 185 


FIG. 6 Frozen section showing 


extracellular lipid deposits adjacent 
to conjunctival blood vessels. 
Oil red O. H0 


A biopsy specimen, which had been taken some 
vears earlier from the patient demonstrated in 
Fig. 2, examined in routine paraffin-embedded 
sections showed fat spaces surrounded by a granu- 
lomatous inflammatory reaction (Fig. 7). 


Discussion 

Conjunctival and episcleral lipid globules are easily 
missed unless specifically looked for, ideally using 
either direct or indirect. retroillumination. The 
aggregated globules resemble frog-spawn and occur 
most often between the loops of large, tortuous 
blood vessels. 
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Percentage of patients affected 


Onge O-29 30-39 40-49 50-59 60-69  7O* 
patients 261578 124107 106177 204272 159280 96-298 
Lipid globules 12 22 17 26 3883 74S 97174 40 188 


FiG. 8 Comparative prevalence of subconjunctival 
lipid globules in Great Britain and United States of 
America at different agzs. (US data from Fraunfelder 
and Hanna, 1975) 


$ 


The prevalence of the condition shows a clear 
relationship with age. Beyond the age of 7o years, 
however, the American data show that the rise in 
prevalence is halted (Fraunfelder and Hanna, 
1975), while the present study suggests that it 
might even be reversed. The American study also 
showed a preponderance of women with subcon- 
junctival lipid at all ages, but there was no convinc- 
ing evidence of such a predilection in British 
subjects. However, the overall prevalence seems 
to be slightly higher in Arkansas (Fig. 8). 

With increasing age lipid accumulates between 
the collagen fibres of the sclera, particularly to- 
wards the uveal surface, and this process may 
share a common pathogenesis with corneal arcus 
formation, with which it is commonly associated 
(Yanoff and Fine, 1975). Consequently, if the 
subconjunctival globules originate from the same 
source as those in the sclera—and our finding of 
scleral lipid deposition in all eyes with conjunctival 
globules examined histologically lends some sup- 
port to this hypothesis—a good correlation between 
the conjunctival lesion and corneal arcus might 
also have been expected. This, however, was not 
the case. 

The reason for this disparity is not immediately 
obvious but may be linked with the observation 
that the lipid deposited in the cornea and sclera 
is in a finely particulate form, being largely bound 
to low density lipoprotein (Walton, 1973), whereas 
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that in the loose stroma of the conjunctiva occurs 
as much larger globules which probably represent 
unbound fat. There is good evidence that the lipid 
of corneal arcus senilis is derived from the circu- 
lating plasma (Cogan and Kuwabara, 1959; 
Walton, 1973; Walton and Dunkerley, 1974), and 
the frequent perivascular and extracellular location 
of the deposits as well as their cholesterol content 
are conducive to similar reasoning in respect of 
the conjunctival lesion. Whether or not the loose 
structure of the subconjunctival stroma facilitates 
the fusion of smaller lipid particles, which have 
seeped through a vascular endothelium subject to 
an age-related increase in permeability, is not 
known. 

Other possibilities for the origin of the conjunc- 
tival globules, referred to in an earlier paper 
(Fraunfelder and Hanna, 1975), include forward 
migration of orbital fat, degenerative changes in 
the tissues, and trauma to the conjunctival blood 
vessels caused by eye movements and blinking. 
'The essentially extracellular location of the lipid 
droplets, however, lends little support to any but 
the last of these suggestions. The extent to which 
leakage of circulating fat might represent a funda- 
mental degenerative change in the conjunctival 
vessels, after the manner postulated for arterio- 
sclerosis in other sites, or be attributable to repeated 
episodes of minor trauma is not known, although 
the finding of massive lipid deposition in the con- 
junctiva of a man subjected to blast injury suggests 
that the latter hypothesis is a real possibility. 

Fortunately, in view of their high prevalence, 
conjunctival and anterior episcleral lipid globules 
almost never give rise to symptoms—the extremely 
rare exception appearing to be a granulomatous 
reaction which probably reflects an alteration in 
the nature of the fat. 


Summary 


Biomicroscopical examination of the bulbar con- 
junctiva and anterior episclera of rooo randomly 
selected outpatients showed the presence of 
multiple discrete lipid globules in 30 per cent. The 
lipid deposits were asymptomatic. Their prevalence 
was age-related, while their distribution and 
composition were consistent with origin from the 
conjunctival blood vessels. 
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Vicryl (polyglactin 910) in cataract surgery 


A controlled trial 


R. S. BARTHOLOMEW, C. I. PHILLIPS, AND C. G. F. MUNTON 
From the Department of Ophthalmology, Üniversity of Edinburgh, and Princess Alexandra Eye Pavilion, 
Royal Infirmary, Edinburgh, and the Kent County Ophthalmic and Aural Hospital, Maidstone, Kent 


À preliminary study into the use of Vicryl in 
cataract and squint surgery has already been 
published (Munton, Phillips, Martin, Bartholomew, 
and Capperauld, 1974). The safety and efficacy of 
the material were confirmed and it was concluded 
that the overall handling characteristics of mono- 
filament Vicryl 8-o (dyed purple) were superior 
to monofilament nylon and equal to virgin silk. 
The sutures were absorbed with minimal inflam- 
matory reaction on average by the 58th post- 
operative day. The only abnormalities which were 
possibly attributable to the new suture were three 
drainage blebs in cataract sections, two of which 
disappeared spontaneously. 

The purpose of this prospective, controlled 
randomized trial on the use of Vicryl in cataract 
surgery was to investigate further the possibility of 
a lack of wound security as a cause of draining 
blebs—an undesirable and occasionally dangerous 
complication—and to compare other early and late 
complications. 


Material and methods 


Vicryl (Ethicon) was supplied in lengths of 45—73 cm 
and diameter of 8-o monofilament and was coloured 
violet, with one 6 mm curved spatulate needle at each 
end. 

Patients with cataracts were taken without pre- 
selection from the waiting lists of the surgeons concerned 
and randomly (by coin tossing) allotted to the Vicryl or 
control groups. Unfortunately, numbers were limited 
by availability of suture material. 

Surgeon A used an ab-externo incision and cryo- 
extraction and 4—5 interrupted 10-o monofilament nylon 
or Vicryl sutures (18 eyes). Surgeon B used an ab- 
externo incision, chymotrypsin and forceps extraction, 
and 5—7 interrupted virgin silk or Vicryl sutures (22 
eyes). Surgeon C used a Graefe section with one 
interrupted and one continuous suture, either Vicryl or 
monofilament nylon (five eyes). 

There had been some difficulty in knot tying during 
the preliminary study. The initial double throw of 
Vicryl holds the suture at the required tension, the 
second (single) throw rucks up the first (double) throw, 
thereby tightening the knot further. Practice is required 
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to judge the correct tension needed on the first (double) 
throw if the final knot is not to be too tight. The third 
and final (single) throw then locks the knot. 


Results 


Details of the patients are shown in Table I and 
the complications in 'l'able II. 

Early complications, defined as shallow anterior 
chambers, draining blebs, choroidal detachment, 
and hyphaema, occurring during the first post- 
operative week—possibly attributable to the diffi- 
culty in knot tying and therefore to wound closure— 
were found in four out of 26 (15:4 per cent) of the 
Vicryl group while there were no complications in 
the control group of 19 patients. The difference, 
however, was not significant (y* = r'5; œ3 > P > 
0'2; n = I). 

Late complications, defined as draining blebs 
present and persisting two weeks after operation— 
possibly attributable to the new sutures—were 
found in five out of 26 (19:2 per cent) of the Vicryl 
group, compared with two out of 19 (10:5 per cent) 
in the control group—not a significantly different 
proportion (x? = 0:07; P > 0:5; n = 1). 

Suture absorption occurred between 30 and 120 
days (average 56 days) after operation. The opera- 
tion on the patient in whom the sutures had 
disappeared by the 30th day had been complicated 
by rupture of the vitreous face and severe post- 
operative iritis. The draining blebs in the remaining 
patients closed spontaneously without further 
complication except for one in whom the bleb was 
freely draining nine months later. 

Late hypertrophy in the wound areas was not 
seen during the 3- to 12-month postoperative 
period. 

The x? test with Yates's modification was used to 
determine the significance of difference between 
the Vicryl and control groups. 


Discussion 


This trial confirmed that the handling characteristics 
of 8-o monofilament Vicryl are equal to or better 
than ro-o monofilament nylon and equal to 8—o 
virgin silk when used as an interrupted or continu- 
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Table I Results obtained by 3 surgeons in 45 cataract extractions 





Vicryl 


Surgeon Operations Suture 


rr € aH» 
SS a 


1 hyphaema 1 year 
2 shallow 
anterior 


chambers 


bd 
= 
bd 


5-7 4 draining 


interrupted 


I year 


a 
EN 


Icontinuous I iritis 
10—13 loops 


1 interrupted 1 hyphaema 2-4 months I 


Control sutures 
Operations Suture Comments Follow-up 
7 10-0 mono- 1 small I year 
filament draining 
nylon bleb for 
interrupted 1/12 
475 
II 8-o virgin — r draining 1 year 
silk bleb lasting 
5~7 4 weeks 
interrupted 
I0-o mono- Nil 4 months 
filament 
nylon 
I interrupted 
continuous 
10—13 loops 





Table I Complications in 45 cataract extractions 





Suture 
Complication Vicryl Control 
(n — 26) (n — 19) 
Draining blebs 5 2 
Hyphaemas 2 — 
Shallow anterior 
chamber I — 
Choroidal detachment I — 
Iritis 2 — 
Early complications 4 —? 
Late complications 5 zt 





*Difference: x! = r5;03 > P > ca 
TDifference: xy! = 0-07; P > os 


ous suture. Knot tying, even with the modified 
technique described, is not so satisfactory as with 
8—o virgin silk. 

The early complications of wound closure might 
be attributable to this difficulty in knot tying, the 
incidence being higher in the Vicryl (15:4 per cent) 
than in the control group (o per cent). However, 
these differences were not significant (x? = 1:5; 
P > o:2) More experience might well eliminate 
the problem. À very much larger sample would be 


: required to settle the question statistically. Even 


had this been practicable in our trial the supply of 
Vicryl became temporarily suspended. 

Late complications—draining blebs present two 
weeks after operation—may be attributable to 
inadequate wound closure, as described above, but 
may also be due to too early suture dissolution. 
Small draining blebs are not uncommon after 
cataract surgery, if looked for, but seldom persist 
for more than four to six weeks. A permanent 
bleb must be considered an undesirable complica- 
tion, possibly associated with increased astigmatism 
and certainly associated with the potential dangers 
of hypotony and intraocular infections (except in 
cases of glaucoma complicated by cataract, in which 
these risks are justifiably taken). 

When experimentally implanted into rat muscle 
Vicryl is absorbed by hydrolysis in about 80 days, 
while tensile strength, although retained for 3o 
days, tends to be zero at this time (Capperauld, 
1971, 1973). Polyglycolic acid sutures are thought 
to be retained for a long time in human subcutane- 
ous tissue (Watts, 1975). In the eye, sutures can 
be seen beneath the conjunctiva, and they had 
disappeared on average by the 56th postoperative 
day in our cases. In one patient they had entirely 
disappeared by the 3oth day, and this was of 
particular interest because it showed that quicker 
hydrolysis may occur in an actively red eye with 
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greater than normal inflammatory reaction, higher 
temperature, and blood flow. 

Disappearance of sutures from the corneo-scleral 
wound at this relatively early stage is not ideal in a 
situation where a corneal wound (in rabbits) has 
regained only some 30 per cent of the intact corneal 
strength (Condon and Hill, 1973). No information 
on limbal wounds is available. Despite these 
considerations, however, we did not find a signi- 
ficantly higher incidence of late complications. 
Early suture absorption does not thus appear to be 
an important factor in this series. 

We inspected the corneo-scleral wounds 3 to 12 
months postoperatively in view of the observation 
that intracuticular polyglycolic acid sutures cause 
late hypertrophy after three months in 50 per cent 
of skin wounds (Cox and Simpson, 1975). We saw 
no hypertrophy, however, which agrees with experi- 
mental observations on Vicryl (Capperauld, 1973). 
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Summary 

In a controlled, randomized trial in 45 cataract 
operations a new synthetic absorbable suture (8-0 
monofilament Vicryl, made by Ethicon), was 
compared with monofilament nylon or virgin silk 
normally used. There was a higher incidence of 
early complications—hyphaema, shallow anterior 
chamber, and choroidal detachment (15:4 per cent 
t. o per cent)—with the absorbable suture. But 
these differences were not significant at the 0°05 
level and might well disappear with more operative 
experience, particularly the modified technique of 
knot-tying. 

In handling qualities Vicryl was superior to both 
io-o monofilament nylon and 8-0 virgin silk with 
the exception of knot-tying, in which it was inferior 
to 8—o virgin silk. Vicryl is considered to be a 
useful absorbable suture in cataract surgery but 
knot-tying requires modification of technique. 
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Recurrence of astrocytoma of optic nerve after 48 years 


JOAN MULLANEY, J. WALSH, W. R. LEE, ann J. H. ADAMS 
From the National Ophthalmic Pathology Laboratory of Ireland, Royal Victoria Eye and 
Ear Hospital, Dublin, and University Departments of Ophthalmology and Neuropathology, Glasgow 


Hoyt and Baghdassarian (1969) and Spencer 
(1972), from comprehensive studies of the clinical 
and pathological features of optic nerve gliomas in 
childhood, concluded that these- tumours are 
congenital and non-neoplastic and are often 
associated with neurofibromatosis. Although they 
may enlarge and cause symptoms in early life they 
tend to be clinically indolent and self-limiting. This 
does not apply to every case, however, and Spencer 
(1972) reported a benign optic nerve astrocytoma 
in an 11~year-old boy in whom there were four 
recurrences in the subsequent 13-year period. 

Optic nerve gliomas in adults, on the other hand, 
are aggressive and often rapidly fatal. They may 
initially simulate optic neuritis, since they usually 
present acutely (Martin and Cushing, 1923; 
Sæbø, 1949; Mattson and Peterson, 1966; Hamilton, 
Garner, Tripathi, and Sanders, 1973; Hoyt, 
Meshel, Lessell, Schatz, and Suckling, 1973). A 
pilocytic astrocytoma with some anaplastic features 
in the optic nerve of a middle-aged patient is 
therefore of interest. The tumour appeared 48 
years after the excision of a juvenile optic nerve 
glioma. 


Case report 


In 1925 a 4-year-old boy presented with a left proptosis 
and defective upward and outward movement of the 
eye. The exophthalmometer reading was 18 mm on the 
left and 15 mm on the right. The media were clear and 
secondary optic atrophy and venous congestion were 
observed. Radiological examination of the orbit and the 
Wassermann reaction were both negative. A Krónlein 
operation was performed and an optic nerve tumour 
removed by dividing the nerve close to the globe and 
to the optic foramen. 'T'he case was reported by Goulding 
(1927). The pathological findings were described as 
follows. ‘On macroscopic examination a growth was 
adherent to the optic nerve and microscopic examina- 
tion showed fibromatous tissue in which large areas 
were in a degenerate condition, as evidenced by feebler 
staining’. The slides are not now available. 

In July 1973 the patient, then aged 52 years, presented 
with a history of gross left proptosis for many years 
and a large medial orbital mass (right eye 6/6; left eye 
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no perception of light). Radiological studies showed 
changes which suggested an old lateral orbital fracture. 
There was no evidence of neurofibromatosis. The left 
eye was enucleated and a large encapsulated retrobulbar 
tumour, filling the orbit, was removed. The chiasma 
was not involved. There was no evidence of recurrence 
27 months after operation. 


PATHOLOGY 


The left eye measured 24X23X23 mm. The optic 
nerve had been cut flush with the globe. The eye was 
diffusely atrophic and a temporal crescent was present 
at the disc. Microscopy showed an old healed keratitis 
with calcification, generalized optic atrophy, and gliosis 
and calcification in the region of the papilla. The optic 
nerve remnants contained sparse but identifiable nerve 
fibres in hyalinized tissue, the stump being partially 
covered by ectopic conjunctival epithelium (Fig. 1). 
‘The mass in the orbit measured 4:3 X 4:0 X3°8 cm and 
was apparently encapsulated. On section most of the 
tumour was solid and of a pinkish-beige colour but 
there were some small cysts and possible foci of necrosis 
(Fig. 2). 


HISTOLOGY 


Some parts of the tumour were composed of trabeculae 
of greatly elongated pilocytic cells many of which had 
abundant eosinophilic ectoplasm (Fig. 3a). Other areas, 
some surrounded by these trabeculae, were composed 
of oval or polyhedral cells containing central, slightly 
hyperchromatic nuclei (Fig. 36); microcystic change 
was conspicuous in these areas, Throughout the tumour 
there was a dense but delicate stroma of collagen and 
reticulin, but in some parts glial fibrils predominated 
(Fig. 3c). There was also a dense collagenous capsule 
partly infiltrated by tumour cells. The amount of 
intercellular matrix varied but here and there it was 
aboundant. Discrete cysts were present but there was 
no frank necrosis. Blood vessels were very numerous 
but vascular proliferation of the type associated with 
highly anaplastic glial tumour was not identifiable. 
‘There was considerable nuclear pleomorphism through- 
out the tumour with the formation of some small 
multinucleate giant cells (Fig. 3d), but mitotic figures 
were not seen. There were several collections of lym- 
phocytes within the tumour. 

The appearances were interpreted as those of a pilo- 
cytic astrocytoma of the optic nerve which, over many 
years, had widely infiltrated the orbital tissue, thus 


540 British Journal of Ophthalmology 


acquiring a rich mesenchymal stroma, and was now 
showing some signs of anaplasia. To confirm this 
diagnosis some of the formalin-fixed tissue was used for 
electron microscopy. The tissue was post-fixed in 
3 per cent glutaraldehyde and 1 per cent osmium 
tetroxide and embedded in araldite. Ultrathin sections 
stained with uranyl acetate and lead citrate were ex- 
amined in a Philips 300 electron microscope. The 
preservation of the cell ultrastructure was not ideal but 
useful information was obtained. Most of the tumour 
cells were of irregular size and outline (Fig. 4), occa- 
sionally multinucleate (Fig. 50), and showed the charac- 
teristic feature of astrocytes in. that. the cytoplasm 
contained numerous filaments (70-80 A in diameter), 
often arranged in dense bundles (Fig. 56). The nuclear 
chromatin was irregularlv dispersed in these cells and 
the nucleolinema was coarse in the prominent nucleoli. 
Dense cytoplasmic inclusion bodies and dilated, rough 
endoplasmic reticulum containing granular material 
were identified in many of the cells. A few lipid histo- 
cvtes were seen and other cells, which were either 
totally degenerate or could not be easily identified, 
were found between the tumour astrocytes. The capil- 
laries available for examination did not show endothe- 
lial proliferation. The extracellular spaces contained 
collagen bundles, granular material, or debris which 
sometimes included circular electron-dense structures 
of about 1 wm diameter. These structures were very 
similar to those of degenerate lipid bodies. 





Discussion 
FIG, 1 Optic nerve and peripapillary retina of The information available about the nature of the 
enucleated eve showing atrophic nerve and strip of original tumour (€ ;oulding, 1927) IS scanty, but 
` ? , ? ‘ p . > x Ü Ts "i ` , ie ) é ! M 
Haematoxylin and eosin. ~ 25 


nerve’ composed of ‘fibromatous tissue and large 
- 3 degenerate areas’ was a typical optic nerve glioma 
of childhood type. Examination of the enucleated 
eye showed undoubtedly that the orbital part of 
the optic nerve had been totally removed and that 
there was a large recurrent tumour in the orbit. 
The tumour had certain atypical features, presum- 
ably related to its duration and the extensive 
infiltration of the orbital tissues, but there 
was general agreement about its nature (see 
acknowledgement). The diagnosis of astrocytoma 
was confirmed by electron microscopy despite the 
fact that all of the tissue had originally been fixed 
in 10 per cent formalin. This showed that the 
principal cells had ultrastructural characteristics 
similar to those described as tumour astrocytes in 
juvenile gliomas (Luse 1961; Anderson and 
Spencer, 1970), in an adult malignant glioma 
(Hamilton and others, 1973), and in an optic tract 
glioma and a glioblastoma multiforme (Raimondi, 
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FIG. 2 Appearance " cut surface of orbital tumour. nucleate cells are generally considered to indicate 


I*s dedifferentiation. 
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Histological features of orbital tumour. (a) Area in which pilocytic cells predominate. Haematoxylin and 
< 250. (c) Conspicuous glial filaments, PTAH 


FIG. 3 
eosin. - 250. (b) Microcystic degeneration, Haematoxylin and eosin. 
250. (d) Cellular pleomorphism and multinucleate cells. Haematoxylin and eosin. ~ 250. 


The tumour in this case therefore presents some in gliomatous residue in the proximal optic nerve 


unusual features, and it 1s of interest to speculate or, if excision had been complete, it could have 
on its origin. The second growth could have arisen been proliferation from a hamartomatous focus 
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FIG. 4 Low-power electron micrograph showing irregular size and shape of tumour cells and uneven 


distribution of nuclear chromatin, ~ 2200 
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FIG. 5 
im cytoplasm of tumour cells. > 6850 


in this part of the optic nerve. The latter would 
have been more likely if there had been clinical 
evidence of neurofibromatosis. Another potential 
focus for neoplastic transformation could have 
been collateral hyperplasia of the glial cell com- 
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Electron micrographs showing (a) multinucleate tumour cell, (b) prominent bundles of filaments (arrows) 


ponent in the remaining optic nerve segment 
(Verhoeff, 1932; Anderson and Spencer, 1970). It 
is unfortunate that the primary tumour was not 
available for examination, because the case raises 
the possibility. that. juvenile. gliomata can. become 


malignant. The satisfactory subsequent course 
after secondary excision is atypical if the second 
optic nerve tumour is regarded as a glioma of the 
adult type, although long survival periods have 
been recorded in two adult optic nerve gliomas 
(Pagenstecher, 1902; Hoyt and Baghdassarian, 
1969), which were first diagnosed at the ages of 
30 and 25 years respectively. 


Summary 


A tumour presumed to be a juvenile glioma of the 
optic nerve was removed by a Krónlein procedure 
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Book reviews 


Chromosomal Aberrations in Ophthalmology. 
By J. Francois, R. Bercsr, and H. SARAUX. 1975. 
Pp. 504, 245 figs, 15 tables, refs. Van Gorcum, 
Assen/Amsterdam (22500 D.fl.) 


In 1972 the Annual Report to the Société Française 
d'ophtalmologie, Les Aberrations Chromosomiques en 
Ophtalmologie, appeared and has become the standard 
work on cytogenetics and ophthalmology. This transla- 
tion is essentially that of the original work, except for 
the first part on the elements of cytogenetics which 
has been revised to include the new techniques of 
chromosome banding. Regrettably, but understandably, 
the main chapters which are devoted to detailed des- 
criptions of ophthalmic abnormalities associated with 
chromosomal anomalies have not been up-dated. The 
book is lavishly illustrated and has an exhaustive bib- 
liography. 

While this edition, in which the translation into 
English is adequate, is an admirable work of reference 
and will be a model of its kind for many years, the 
original is to be recommended to all those with a good 
knowledge of French. BARRIE JAY 


Concussive and Penetrating Injuries of the 
Globe and Optic Nerve. By T. E. RUNYAN. 
1975. Pp. 221, figs, refs. Mosby, St Louis; Kimp- 
ton, London (/,16:25) 


This is a comprehensive and well-written account of 
ocular trauma and its management. The text, which is 
arranged anatomically, is enhanced by the frequent use 
of short case histories and the illustrations and dia- 
grams (by the author himself) are first class. In the more 
controversial areas, such as the management of hyphaema, 
there is a more detailed discussion and appraisal of 
the recent literature but in many fields, such as the 
surgical treatment of traumatic cataract, the author draws 
upon his own experience. Here he favours the intra- 
capsular approach in young adults. The last chapter, on 
diagnostic techniques, is a useful conclusion to a book 
which although expensive deserves a place in the oph- 
thalmic library. R. COAKES 


Current Medical Treatment, 4th ed. By C. W. 
H. Havarp. 1976. Pp. 783, refs. Wright, Bristol 
(£10) 

Nearly one half of prescriptions today are for drugs 
which did not exist five years ago. Hence the need for 
Current Medical Treatment. Chapter 21 on diseases of 
the eye is written by John Dobree and as one would 
expect it is a gem of sparkling compression. 

It is impossible of course to write a textbook on 
medical treatment without reference to disease and one 
of the striking and most useful aspects of this book is 
the introduction to the syndrome under discussion 
because therein often lies the briefest summary of the 
significant and important features. Such pronouncements 
are most valuable to the specialist so absorbed by his 


own particular problem that he is unable to sort out the 
wheat from the chaff of other disciplines. 

An ophthalmologist reading through ‘these pages 
cannot but fail to note an ophthalmic aspect to the 
majority of medical diseases. Most organisms and many 
viruses affect the eye, a large number of drugs have 
secondary ocular effects, the endocrine and haemo- 
poetic systems have their ophthalmic complications and 
neurological disease can hardly help offending either 
the sensory or motor ocular system. These ophthalmic 
overtones make Current Medical Treatment almost 
compulsive reading for the lively ophthalmologist who 
cares to open its covers and, as a source of reference in 
therapeutics, this text must surely be in a class of its 
own. S. J. H. MILLER 


Introducing WHO. 1976. Pp. 88, figs. World 
Health Organization, Geneva (Sw.fr.1o) 


A paperback production of what is now the standard 
periodical size. This profusely illustrated and highly 
informative volume will serve a useful purpose in many 
fields, for WHO is an organization which tends in some 
quarters to be taken for granted and then ignored. A 
foreword by the Director General, Dr Halfdun Mahler, 
is followed by an account of the origin and development 
of international health co-operation, a description of 
the nature and structure of WHO, and of the scope of 
its activities, a subject amplified in a later section. The 
prevention and control of specific diseases and the 
methods of work of the organization are fully treated; 
inevitably the budgeting and administration sides are 
described. Annexes give notes on publications and 
documents, and addresses of associated bodies. This 
book will be most welcome to those who want to know 
more—-or indeed—all about the WHO. 

A. list of addresses of suppliers of WHO publications 
throughout the world is appended; in this country they 
may be obtained from HM Stationery Office, 49 High 
Holborn, London WC1V 6HB, as well as from the 
listed addresses in many other cities. F. W. LAW 


L'Année Thérapeutique et Clinique en Ophtal- 
mologie. International Congress of Ophthal- 
mology. 1974. Pp. 701, figs, tables, refs. Libraire 
Fiieri, Lamy, Marseille (no price given) 


‘This interesting book contains, presumably in some cases 
in a shortened form but including numerous illustra- . 
tions, a large number of communications published at 
various meetings and symposia in France during 1974. 
The papers are in several languages but French and 
English predominate. 

"There is full coverage of the Interüational Symposium 
on the Visual Field (in fact this section 'occupies most 
of the book) and there is an account of bx Symposium 
on Ophthalmic Education. 

The book is of a general interest but'i is particularly 
important to those concerned with perimetry or with 
ophthalmic teaching. REDMOND SMITH 
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Correspondence 


Diathermy machines 


TO THE EDITOR, British Journal of Ophthalmology 


SIR, There must be a very large number of diathermy 
machines lying idle in Eye Departments all over the 
country since cryotherapy is now almost exclusively 
used for retinal detachment surgery. 

May I suggest that these machines can be used as a 
substitute for cautery for small surface bleeding points 
for all types of operations. The medium point adjustable 
applicator seems the best and this unipolar applicator 
ig more accurate and just as easy to use as the bipolar 
type of diathermy such as the Codman Mentor. 

Speaking from a standpoint of little knowledge 
(which I hope is not too dangerous a thing) having 
designed a simple diathermy machine (1958), there 
would appear to be no danger of retinal damage as the 


Notes 


European Ophthalmic Pathology Society 
The European Ophthalmic Pathology Society held its 


. 15th annual meeting as a joint meeting with the Verhoeff 


Society in Washington DC, from 25 to 29 April 1976. 

The scientific sessions were held at the Armed Forces 
Institute of Pathology and were organized by Lorenz 
E. Zimmerman, Head of the Ophthalmic Pathology 
Branch, the Armed Forces Institute of Pathology, and 
his staff. 

A sight-seeing tour was arranged for the European 
participants on Sunday 25 April, followed by a reception 


Symposium on Colour Education 
Renfrew, Scotland, 1 and 2 October 1976 


A symposium on colour education will be held at the 
Normandy Hotel, Renfrew. It will include papers on 


'aspects of the use of colour in education for teachers 


and educationalists in addition to papers covering the 
basic principles of colour science and language and tech- 
nology for artists, designers, and colour technologists. 


Course in Contact Lens 'T'echnology 
Houston, Texas, 2 to 4 December 1976 


The Department of Ophthalmology, Baylor College of 
Medicine, Houston, 'l'exas, announces its annual 
course in contact lens technology. 

The course is open to all ophthalmologists, residents 
in ophthalmology, and technicians sponsored by an 
ophthalmologist. Attendance is limited to enable 


current is small and the duration of contact short. 

"There is the obvious disadvantage of having another 
bulky instrument in the theatre and attaching a pad to 
the patient but coagulation of bleeding points appears 
to be satisfactory and positive. 

Yours faithfully, 
J. GIBSON MOORE 

Barnet Area Health Authority, 
Edgware General Hospital, 
Edgware, 
Middlesex, HA8 OAD 
20 July 1976 
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in the evening at the Mayflower Hotel. 

A concert was given by the National Symphony 
Orchestra in the concert hall of the famous Kennedy 
Centre on the Tuesday night, and a reception and 
banquet took place in the Presidential Room of the 
Mayflower Hotel on Wednesday 28 April 1976. 

The next meeting of the European Ophthalmic 
Pathology Society will be held in Munich, West Ger- 
many, in June 1977, when Professor Otto-Erik Lund 
will be the Organizing Secretary. 


Further details and application forms for registration 
may be obtained from the Hon. Secretary of the Colour 
Group (Great Britain) (Scottish Section): Dr A. R. 
Hill, Glasgow College of Technology, Department of 
Ophthalmic Optics, North Hanover Place, Glasgow 
G4 OBA. 


participation in the practical sessions by all participants. 
For further information write to David Paton, MD, 
Professor and Chairman, Department of Ophthal- 
mology, Baylor College of Medicine, 1200 Moursund, 
Houston, Texas 77025, USA. 
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Course in Neuro-Ophthalmology 


Miami Beach, 4 to 7 January 1977 


The annual course in neuro-ophthalmology will be held 
at the Doral Beach Hotel, Miami Beach, Florida. 
The following topics will be emphasized: cerebro- 
vascular disease; computerized axial tomography in 
neuro-ophthalmology; anatomy and diseases of the 
parasellar area. Clinical case material will be presented 
for general discussion, and question-and-answer ses- 


Midwinter Seminar in Ophthalmology 


Miami Beach, 31 January to 2 February 1977 


The 3ánd annual seminar in ophthalmology will be 
held at the Americana Hotel, Miami Beach, Florida. 
'The main topic will be glaucoma. 

It is to be co-sponsored by the University of Florida 


Obituary 


sions will invite audience participation. Registrants 
may submit short free-papers by 15 November 1976 on 
clinical subjects. 

Further information may be obtained from the 
Bascom Palmer Eye Institute, Department of Ophthal- 
mology, University of Miami School of Medicine, PO 
Box 520875, Miami, Florida 33152, USA. | 


College of Medicine (Gainesville), the University of 
Miami School of Medicine (Miami), and the University 
of South Florida College of Medicine (Tampa). 


Norman Patrick Robert Galloway, MB, ChB 


N. P. R. Galloway died after a short illness on 2 February 
1976. Although he retired from the Nottingham Eye 
Hospital in 1961, he had continued working as an 
ophthalmologist until just before his death. He was 
still a council member of the Ophthalmological Section 
of the Royal Society of Medicine and his cheerful and 
kindly presence was well known to members of the 
Midland and the North of England Ophthalmological 
Societies. He was President of the Midland Ophthal- 
mological Society in 1951-52. For many years he was 
on the council of the Oxford Congress and served as 
Deputy Master of the Congress in 1960. He also took 


an active part in local medical affairs, having been 
secretary to the Nottingham Medico Chirurgical 
Society during the second world war and President in 
1950. His career began in Edinburgh where he qualified 
in 1917 and he saw active service in the first world war 
as a Captain in the RAMC. Soon after the war he 
developed an enduring interest in his specialty and 
for nearly 47 yeara he practised in Nottingham. During 
this time he became greatly loved and respected and 
there are many who will miss his kindly attentions 
both as patients and colleagues. 
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HOW SIMPLENE 
BENEFITS THE PATIENT AS WELL 
AS THE GLAUCOMA. 


Because there is no separate 
dropper, the risk of 
contamination and 
subsequent infection 

Is negligible. 
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Department of Ophthalmology, 
University of Florida 


will present two connected courses on 


CLINICAL ENDOTHELIAL 
SPECULAR MICROSCOPY 
AND NEW EYE 
BANKING TECHNIQUES 


(October 14-17, 19760) 


and 


ANTERIOR SEGMENT 
MICROSURGERY 
(October 18—19, 1976) 
at the University of Florida, College of Medicine. 


These courses will combine lectures with practical 
workshops and laboratories. Technicians and Ophthal- 
mic Photographers are welcome to attend; however, 
for some parts of these courses attendance will be 


. limited. 


Instructors will include: William Bourne, M.D., Herbert 
Kauiman, M.D., Bernard McCarey, Ph.D., Frank Polack, 
M.D. Walter Stark, M.D.. Donald Willard, M.D. 
Antonio Gasset, M.D., and Constance Fitzgerald, M.D. 


For further information write to: Miss Maija Uotila, 
Department of Ophthalmology, University of Florlda, 
Box J-284, JHMHC, Gainesvilla, Florida 32610. 
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First Cambridge Ophihalmologlcal Sympos 
rst Cambridge Ophthalmological Symposium 
Perrers Taylor Memorial 1971 d 
(Chairman: Hans Goldmann) 
(Editor: P. G. Watson) 


Glaucoma 


The March issue is devoted to the first annual 

symposium held under the auspices of the Uni- 

versity Medical School, Cambridge, England. 
Pathology and 

D. R. Anderson, R. C. Tripathi, S. S. Hayreh, 


M. Drance, R. F. Fisher, G. L. Spaeth, 
N. Vacharat, K. T. Richardson. 


Manifestations of glaucoma 


on 
rance, H. Goldmann, 
R. Etienne, B, Ja B. Jay, J. Hethering- 


. Paterson, N. S. C. Tem P. G. Watson, 
R. J. H. Smith. 
Single copy price £3°00 (U.S.A $9-00) 
including postage 


ORDER FROM: British Journal of Ophthal- 
mology, BMA House, Tavistock Square, London 
WCIH 9JR, or through any leading bookseller. 


. The International Society of Ergophthalmology announces 


OCCUPATIONAL HAZARDS TO THE EYE 
VISION REQUIREMENTS AT WORK 


2nd World Congress of Ergophthalmology 


June 13-16, 1977, The Karolinska Institute, Stockholm, Sweden 


Faculty: 
Arvid Anseth, M.D. 


Symposia on 


Arthur H. Keeney, M.D. Sol M. Michaelson, Ph.D. 
M. J. Roper-Hall, M.D. David H. Sliney, M.A. 


Bjorn M. Tengroth, M.D. 


Ocular, Hazards due to Electromagnetic Radiation " Mechanical Hazards to the Eye 
Chemical Eye Injuries * Vision Requirements at Work 


Free Papers 


INQUIRIES: Anders Hedin, M.D., General Secretary 
: Department of Ophthalmology 
Karolinska Sjukhuset 
S-104 01 Stockholm 60 
Sweden 


or Ergophthalmology 77 
Stockholm Convention Bureau 
Strandvagen 7 c 
S-114 56 Stockholm 
Sweden 
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TRANSACTIONS 

of the 

OPHTHALMOLOGICAL SOCIETIES 
OF THE UNITED KINGDOM 


Transactions of the Ophthalmological Societies of the United 
Kingdom, published since 1880 in a single volume, is now 
published in four separate parts as follows: 


I The Annual Congress of the O.S.U.K. (held in April, published 
in the Autumn) 


II The Oxford Congress (held in July, published in the Winter) 


HI The Cambridge Symposium on ‘The Eye in Connective Tissue 
Disease' held in September, published in the following Spring) 


IV Papers from the Irish, Scottish and and provincial societies, 
Reports from affiliated organizations throughout the world, 
and the Annual Index (published in the Summer) 


Volume price (4 parts): Inland £18-00; Overseas US$49-00 
Parts may be purchased separately. Price: Inland £6-00; Overseas US$16-20 


The first part of Volume 95 was published Autumn 1975 


ORDER YOUR SUBSCRIPTION FROM: 
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Improve your LOG-2 
Modifications for existing LOG-2 coagulators 


Fibre optic illumination system CX 109 Monocular indirect ophthalmoscope + | 
fibre optic illumination CX IIO 
s ALLOWS FULL FIELD VIEWING OF THE FUNDUS UNDER s INCREASES OBSERVATION FIELD TO 25° WITH SAME 


ALL CONDITIONS. MAGNIFICATION AS THAT OF THE DIRECT OPHTHAL- 
MOSCOPIC ATTACHMENT. 


e OBSERVATION LIGHT ADJUSTABLE FOR PATIENT 


COMFORT. a a GIVES ERECT IMAGE 
s EXTENDS FIELD OF OBSERVATION TO 15? WITH THE a EXTREMELY BENEFICIAL FOR PAN RETINAL PROCE- 
REGULAR DIRECT OPHTHALMOSCOPIC ATTACHMENT. DURES AND DIFFICULT PERIPHERAL TREATMENTS. 
= EASILY INSTALLED ON YOUR LOG-2 IN A MATTER OF e ILLUMINATION WITH FIBER OPTIC SYSTEM CX109, 
MINUTES. 





ECUK | Keeler Instruments Ltd. 01-935 8512 
€€ICT| 21-27 Marylebone Lane, London WIM óDS. 


Printed by F. J. Parsons Ltd, Newspaper House, Great New Street, London EC4P 4ER, and Hastings 
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Pneumatonograph - 


IAN - 


THE FIRST tonograph which measures 
intraocular pressure by applanating the eye 
the Alcon Applanation Pneumatonograph. 
It also brings a new dimension to the rapidly 
developing field of ocular pulse studies. 


The Alcon Applanation Pneumatonograph 
encompasses the following unique features: 


li Soft tip, self-aligning applanating sensor 
llAccurate recorder reading directly in 
mm Hg 
Remotely positionable magnetic digital 
display 


llModular Design. . . allowing for expansion 


of system 
IT wo or four minute tonography 
WHeat stylus... no ink required 


The Alcon Applanation Pneumatonograph is 


. exciting . . . versatile... and opens a new 
N horizon for glaucoma management 


— 


—— 





THE PTG” 


“The Pneumatonograph has the 
advantage of being reproducible in different 
postures: the influence of posture on 
intraocular pressure can therefore be more 
exactly determined. Applanation 
pneumatonography is more versatile as it is 
portable and does not require a slit lamp or 
fluorescein, and a permanent written record 
is available." 


"M. R. JAIN and V. J. MARMION 
BRIT. J. OPHTHAL. (1976) 60, 107" 


For further information apply:- 
Alcon Laboratories (U.K.) Ltd., 
Ophthalmic Division, 

Imperial Way, Watford, 

Herts WD2 4YR Tel: 46133 
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simple,acceptable, convenient 
- and well tolerated 


Each Diamox* Sustet* contains 
500 mg acetazolamide ina 
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capsule 
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Research for British Medi 
A division of Cyanamid of Great Bi 
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In simple glaucoma, 
Phospholine lodide has the 
considerable advantage of 
being /onger acting with a 
lower dosage. A maximum 
of only two installations a 
day is all that is normally 
required. 


Now available in 0.03%, 
0.06%, 0.125%, 0.25% 
solutions. 





For full technical information, please m # 
i contact: 

Ayerst Laboratories Ltd, Forge Court, 

Yateley, Camberley, Surrey 


t Tel : Yateley 872021 (Ecothiopate Eye Drops B.N.F.) * Registered Trade Mark 
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3 things combine to make 
the Spectacle Indirect 
Ophthalmoscope. 





VERSATILITY. The Spectacle Indirect is PERFORMANCE. As the first choice of 
the right system for use in consulting many specialists, the Spectacle Indirect 
room, operating theatre or ward round. sets an enviable standard. 


CONVENIENCE. Transformer power or 
rechargeable pocket battery for 
maximum freedom of movement. 


K Keeler 


21-27 Marylebone Lane, London W1M 6DS. 01-935 8512 


vin 


9291 3373351191... 
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STREAK RETINOSCOPE. The magnetically the focus control also governs a convenient 

controlled light image of the streak retinoscope fixation light. 

rotates through 360^, and is long enough to 

intersect trial frame or refractor unit axis scales, POCKET RETINOSCOPE. With full scale 

while the focus control permits plane and concave refractive accuracy packed into a miniature shape, 

mirror vergences. the Pocket Retinoscope is compact enough to carry 
at all times. This fixed focus aperture mirror 

FOCUSING SPOT RETINOSCOPE. A "square" instrument will give quick, clear results under widely 

compact light filament eliminates pseudo- varying conditions, and could frequently obviate 

astigmatism, and gives an excellent reflex. Light the need for a more complicated examination 

vergence is variable to suit differing techniques, and procedure. 


KX Keeler Instruments Ltd. 
21-27 Marylebone Lane, London WIM 6DS. 01-935 8512 
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31 ABBOTT ROAD, BOURNEMOUTH (0202) 512311 AND 40 BRANCHES 





VOCATIONAL LENSES 


This comprehensive range of Multifocals, Tints, and special Lenses is 
available for demonstration to patients in all our branches. 


Melson Wingate Ltd 





-— «eli 


Ke e 
















We shall be pleased to send, on request, an 
illustrated pamphlet of micro surgical instruments. 


DIXEY INSTRUMENTS LTD. 


19 WIGMORE STREET LONDON, WIA 4DU 
Telephone 01-580 1713 

















BRITISH JOURNAL OF OPHTHALMOLOGY SEPTEMBER 1976 


eH rrr nier nm mme arua iit HEAT ANM 


obsidem aae esee el pee yat ata e A PV Re^ vy Y RN PSP m rm HB mn nmm ta minera nr ne ima e ra 







Tanderil® eye ointment 


Tanderil® eye ointment achieves 
anti-inflammatory effectiveness 


~ without the risk of enhancing 
viral replication or bacterial 
invasiveness 


~ without adversely affecting 
intra-ocular pressure or lens 
metabolism 


Tanderil® eye ointment Geigy 


Each 5G tube of ointment contains 4-butyl-2- 
(4-hydroxyphenyl) -1-phenylpyrazolidine-3. 
5-dione monohydrate (Oxyphenbutazone B.P.) 
1096 in special greasy base. 





Full prescribing 
information is available. 


Geigy Pharmaceuticals 
Macclesfield, Cheshire 
SK10 2LY, 
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DIPLOMA IN 
OPHTHALMOLOGY 


Are you preparing 
for this examination? 


MACULAR 
WORKSHOP 
—1975 


A few copies of the official transcript 







We specialize in postal preparation 






Our new course should help you pass of the Macular Workshop- 1975 are 






still. available from the Conference 






Organiser at {10.00 each, inclusive of 






Write for details to: 


Medical Correspondence College surface postage and packing. Please 





1 Penn Place send cheques with order to: 


Rickmansworth, Herts. 
Telephone: Rickmansworth 79478 





Susan Shilling, 
1 Parkgate Close, 
Kingston Hill, 

Surrey KT2 7LU 







(Accredited by the Council for the 
Accreditation of Correspondence Colleges) 
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INSTITUTE OF Vol. 58, No. 4, April 1974 
OPHTHALMOLOGY 


JUDD STREET, LONDON WC1H 9QS 


e FESTSCHRIFT 
MOORFIELDS EYE HOSPITAL | 


General and Special Courses in the various aspects of ophthal- 

mology take place throughout the year. The General Course DEDICATED TO 
includes Sciences basic to ophthalmology, Methods of Examina- E TR 
tion and Clinical Demonstrations. The Special Courses include SIR STEWART DUKE-ELDER 
the following topics: Orthoptics, Contact Lenses, Immunology, 
Orbital Disease and Microsurgery. 


For further particulars apply to the Dean, 


EXAMINATION OF PATHOLOGICAL OPHTHALMIC SPECIMENS 
The Department of Pathology of this Institute will examine and 


Single copy price: Inland £3-25; 


report on certain specimens sent by Ophthalmic Surgeons. Abroad US $7.80 including postage. 
Specimens sent from Hospitals for further examination should be J 
sent through the particular Hospital Pathologist, ORDER FROM: British Journal of Ophthal- 


mology, BMA House, Tavistock Square, London 
WCIH 9JR, or through any leading bookseller. 


For particulars apply to the Director of the Department of 
Pathology. 
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Design Improvements now allow infinite 
rotation of the streak and this is a further 
aid to speedy accurate refraction. Available as 
a self-contained battery instrument and foi 
those preferring an external transformer as a 
source of power, a clinic model is available 
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Editorial: Direct fungal infection of the eye 


and its prevention 


The paper from Nigeria (page 607) makes a wel- 
come and important contribution that expands our 
knowledge of the world-wide distribution and 
clinical importance of fungal infection of the eye 
(Gugnani, Talwar, Njoku-Obi, and Kodilinye, 
1976), For some time it has seemed likely that 
loss of eyes from fungal infection in the humid 
tropical world is much more common than the 
literature would suggest (Jones, 1975a). Diagnostic 
facilities have seldom been available there, and in 
the absence of effective treatment there has been 
little point in pursuing the precise causation of 
such infections. A mycologically proved diagnosis 
was made in 21 out of 36 of the corneal ulcers 
presenting in the University of Nigeria Teaching 
Hospital at Enugu during a two-year period. 
Because of the selection of cases for study it is 
likely that many more fungal infections went 
unrecognized because they were not investigated. 
Most of these patients were agricultural workers 
and in many cases the infection followed trauma 
with palm tree or other vegetable material. 

This report appears to be the result of the expan- 
sion of academic ophthalmology in the African 
continent rather than the result of a recent invasion 
of that region by Fusarium solani. It is likely there- 
fore that it represents a first sampling of an import- 
ant and widespread cause of loss of eyes in rural 
populations over a vast area in Central Africa. It is 
known that this is the case in the south eastern 
United States of America, India, and South East 
Asia and it will probably be shown to be so through- 
out Indonesia, New Guinea, the Pacific Islands, 
Northern Australia, tropical Central and South 
America, and the Caribbean area. 

The predominant organism in the West African 
series was F. solani (12 out of 21 identified). The 
second most frequent was Aspergillus fumigatus and 
other Aspergillus species (five out of 21). In Europe, 
Britain, and the northern United States of America 
A. fumigatus and other Aspergillus species of 
environmental origin and Candida albicans, of 
which the reservoir is in humans, have been the 
commonest fungi responsible (Jones, Richards, 
and Morgan, 1969c). 

Although F. solani has come to be recognized 
as an ocular pathogen only during the last 10 years, 
this finding has been reported extensively from 
the southern United States of America (Jones, 
Sexton, and Rebell, 1969d) and from a number of 
other countries including England (Jones, 19752; 
Gugnani and others, 1976). Fusarium ulcers may 
present as superficial and rather unimpressive 


lesions, more often they progress rapidly to deep 
corneal disease or extensive corneal abscess forma- 
tion, sometimes with scleral invasion (Jones, 
1975a and b). As with other fungi there is a strong 
tendency for fungal invasion of the posterior 
chamber to lead to seclusion of the posterior 
chamber followed by forward displacement of the 
lens and iris from pressure of aqueous behind, with 
progressive shallowing of the anterior chamber 
giving rise to a malignant glaucoma that requires 
lens extraction with anterior vitrectomy and some- 
times corneal transplantation (Jones, Jones, Lim, 
Bron, Morgan, and Clayton, 1969a; Jones, Jones, 
and Richards, 1969b; Jones 197sa and b) The 
most striking feature of ocular infections with 
F. solani is the speed and destructiveness with 
which they can develop. This commonly misleads 
the clinician to think that he is dealing with a 
bacterial infection. 

The virulent pathogenic nature of ocular isolates 
of F. solani is clearly established: the ocular disease 
that occurs in man with infection by this organism 
has been reproduced in animals (Jones and 
others, 1969a). Furthermore, in all cases in which 
the biology of the ocular isolates has been reported, 
the organisms have grown especially well at 37^C 
and have had other biological differences from the 
more common isolates made from plant disease 
(Jones and others, 1969a; Jones, 1969d; Gugnani 
and others, 1976). This suggests that among the 
vast population of F. solani in the environment, 
much greater in the humid tropical areas than in 
the arid or cooler regions, there is an undetermined 
proportion of strains of F., solani that are especially 
well suited to invade the eve. Although many 
cases of infection by F. solani have followed trauma, 
some have had no history of injury (three out of 12 
in the African report), nor have immunodeficien- 
cies figured in the background of reported cases. 

In 1962 John McLean said ‘Our defences against 
fungi are indeed weak and clumsy’. The recent 
advances in chemotherapy of oculomycosis now 
mean that although few fungal infections of the 
eye are so trivial that they can be managed lightly, 
few are so severe that they should be despaired of, 
provided they can be treated at a centre with the 
required combination of skills. This has been 
brought about by the rational use of amphotericin 
B within its limited range of usefulness, the intro- 
duction of the wide spectrum polyene antifungal, 
natamycin, and the development of the imidazole 
antifungals: clotrimazole, miconazole, econazole, 
and thiabendazole, together with appropriate use 
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of flucytosine for yeast-like fungi. These newer 
antifungals penetrate the eye well but are more 
selective in their action than the poorly penetrating 
but widely active natamycin (Jones, 1975a and b). 
Optimal antifungal treatment must therefore be 
guided by isolation and species identification of the 
infecting organism, with direct measurement of 
the antifungal sensitivities of the patient's own 
fungus. 

The development of effective chemotherapy of 
fungal infection of the eye has a number of im- 
portant implications. There is a strong case for the 
rapid referral of patients with oculomycosis for 
emergency management in a few centres especially 
equipped for and experienced in this work. 

The second implication results from the frus- 
trating delays that hold up the making available 
of a preparation or drug that is likely to be of use 
only for saving eves infected with fungi: the forsee- 
able therapeutic market may be unlikely to cover 
the costs of securing approval to market it in a 
variety of countries. If the compound is, like 
thiabendazole, already in widespread veterinary 
and agricultural use there may be further obstacles 
to its availability for treating oculomycosis. It 1s 
therefore desirable that national or international 
agencies should undertake or support the work to 
provide the data needed for approval to use and to 
market selected preparations. 

The third implication is greatly accentuated by the 
report from West Africa. Topical antifungal chemo- 
therapy of individuals at times of high risk should 
substantially reduce these potentially disastrous 
infections. These times are following ocular trauma, 
especially with plant or vegetable material. Fungal 
infection is only part of the overall problem of loss of 
eyes from suppurative keratitis, which should be 
amenable to a considerable measure of prevention. 
It should now be possible to produce a combined 
antifungal and antibacterial preparation for wide- 
spread and immediate prophylactic first aid use 
after trauma, especially in rural areas. Further 
surveys are needed however, to define the causes 
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of suppurative keratitis leading to loss of eyes in 
various regions. These include Gram-positive and 
Gram-negative bacteria, a wide variety of ocular 
fungi especially Fusarium species and Aspergillus 
species and probably also some anaerobic bacteria. 
It will be of great interest to determine the world 
wide prevalence of ocular infection by Acantha- 
moeba polyphaga, A. Castellani, and other patho- 
genic freshwater amoebae, for these protozoa can 
cause suppurative corneal and intraocular infec- 
tions resembling those due to fungi (Nagington, 
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Watson, 1975; Nagington, 1975; Jones, McGill, 
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Visvesvara, and Robinson, 1975). These surveys 
require the provision and distribution of kits for 
diagnostic cultures and the provision of facilities for 
identification and the measurement of antimicrobial 
sensitivities. Local, national, regional, and inter- 
national collaborations can contribute in this 
endeavour. Fortunately, the techniques required 
for bacteria, fungi, and the pathogenic freshwater 
amoebae are all simple and straightforward. 

Further animal experimental work is needed to 
define optimal formulation of various antifungals 
and the effect of combinations of antifungals and 
antibacterials. But a likely combination to be used 
in an ointment might well be natamycin, polymyxin 
B, and an aminoglucoside such as gentamicin. 
Clotrimazole because of its wide spectrum of 
antifungal action, especially against Aspergillus 
species, and its good ocular penetration, would 
have a case for inclusion, as would econazole 
(Jones, 1975a and b). 

In this Prevention of Blindness Year it would be 
appropriate for the World Health Organization to 
take the lead in catalysing the designation of a 
small number of institutions as reference centres 
for research in oculomycosis and related suppur- 
ative infections of the eye. This should boost and 
assist the collaborative endeavours that are essential 
in order to avoid the loss of eyes from suppurative 
infections. 
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Mycotic keratitis in Nigeria 
A study of 21 cases 


H. C. GUGNANI, R. S. 
H. C. KODILINYE 
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NJOKU-OBI, AND 


From the Departments of Microbiology and Ophthalmology, University of Nigeria Teaching Hospital, 


Enugu, Nigeria 


Mycotic keratitis is being increasingly recognized 
as an important problem in ophthalmic practice in 
several parts of the world (Emmons, Binford, and 
Utz, 1970). Reports on it from various countries 
have been comprehensively reviewed by DeVoe 
and Silva-Hutner (1972). Except for one record 
from Egypt of a corneal ulcer due to Beauveria sp. 
(Lichaa, 1933), information on the incidence and 
aetiology of mycotic keratitis in the African con- 
tinent has been lacking. Therefore a report of 21 
cases of this condition diagnosed during a period 
of two years at the University of Nigeria Teaching 
Hospital, Enugu, is of interest. This series of cases 
of fungal corneal ulcers, proved by culture, is one 
of the largest to be reported. 


Materials and methods 


The study was limited to cases in which the corneal 
ulcers were strongly suggestive of a fungal infection. 
Thirty-six such cases were investigated. A thorough 
clinical examination together with observation by slit 
lamp of the size, shape, position, and depth of the ulcer 
and the type of slough was undertaken, and satellite 
lesions on the cornea were looked for whenever possible. 
The patient's occupation, history of onset of the disease 
or injury, and previous treatment with corticosteroids 
or broad spectrum antibiotics were recorded. Scrapings 
for mycological investigation were taken from the edge 
or the base of the ulcers with a platinum loop under 
sterile conditions, taking as deep a scraping as possible. 
A portion of the scrapings was examined microscopically 
in 10 per cent potassium hydroxide and the remaining 
material cultured on slopes of freshly prepared Sabour- 
aud's agar supplemented with chloramphenicol (0:05 mg 
ml). Cultures were incubated at 28°C for 7 days and 
regularly examined. In cases in which microscopical 
examination of scrapings in KOH was negative and the 
culture was positive, or vice versa, more scrapings were 
collected and processed. 


Results 
Mycotic keratitis was diagnosed by the demon- 
stration of fungal elements in corneal scrapings and 
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positive cultures in 21 out of the 26 cases investi- 
gated. The salient clinical features and the infecting 
fungi in the 21 cases are shown in the Table. 
Twelve were caused by Fusarium solant, four by 
Aspergillus fumigatus, one by A. flavus, two by 
Penicillium citrinum, one by P. expansum, and one 
by an unidentified Penicillium sp. 

Most of the cases were aged between 20 and 60 
years. Eight of the 21 cases were women, and this 
possibly was because Nigerian women take an 
active part in outdoor and farm work. In ro of the 
15 patients with a history of trauma the injury was 
from vegetable matter—mainly palm tree, thorn or 
leaf—and in the remaining five from other causes. 

The clinical features of the corneal ulcers were 
similar whatever the causative fungus. Most cases 
had a big central or paracentral ulcer with a dry 
slough at the base and raised edges. There was a 
greyish-white hvpopyon in all cases except two 
which were seen at an earlv stage. Lack of vascu- 
larization was characteristic of these two cases. 
Satellite lesions were seen in one case, the causal 
agent being F. solani. In two cases, one due to 
F. solani and the other to .4. fumigatus, the ulcer 
was in a very advanced stage of sloughing leading 
to panophthalmitis with no perception of light and 
faulty projection in all quadrants (Figs 1 and 2). 
Three cases due to F. solant had big central slough- 





Corneal ulcer caused by F. solani 


FIG. I 
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Corneal ulcer caused by A. fumigatus 


FIG. 2 


ing ulcers with hypopyon filling more than half of 
the anterior chamber; corneal abscess and endo- 
thelial plaque formation was observed in these 
cases. Fig. 3 illustrates the abundant hyphal ele- 
ments of F. solani in the scrapings from a case of 
corneal ulcer. Histopathological studies of infected 
eyes in two cases of corneal ulcers in which the 
diagnosis was confirmed by culture showed invading 


hyphae of A. fumigatus in the corneal tissue (Fig. 4) 
and in the sclera. The tissue reaction in these cases 
manifested as necrosis accompanied by acute 
inflammatory cellular infiltration. The main mor- 
phological features of representative isolates of 
F. solani, A. fumigatus, and P. citrinum are shown 
in Figs 5 to 8. All the 12 isolates of F. solani grew 
well at 37°C and survived at 40°C for more than 
three weeks. 

Treatment with amphotericin B eye drops was 
tried along with the routine supportive treatment of 
ulcers and hypopyon in six cases, four of which 
were caused by F. solani and two by A. fumigatus. 
The response was satisfactory in three cases, in 
which the ulcer healed and left a leucomatous 
corneal opacity. In some other cases repeated 
cauterization with pure carbolic acid was tried 
but it helped only to salvage the eye for cosmetic 
reasons. Evisceration had to be done in three cases 
in which the hypopyon had organized causing an 
endothelial plaque and leucoma formation. In one 
case, due to F. solani, in which hypopyon could not 
be reduced, paracentesis was tried without any 
significant improvement. However, it helped to 
confirm the diagnosis as the material collected 
showed fungal hyphae on direct microscopical 
examination and F. solani was recovered in culture. 








Table Salient clinical features and causative fungus in 21 cases of myotic keratitis 
Case Age Eve 
no. (years) Sex Occupation affected History of trauma Previous treatment Causative fungus 
I 70 Male Farming Left Palm tree thorn Natural medicine Aspergillus fumigatus 
2 $0 Female Farming Right — — Fusarium solani 
3 24 Male Fitter Left Mechanical tool Corticosteroids F. solani 
4 22 Female Farming Right Palm kernel — F., solani 
= aa Female Housewife/ 
farming Left Palm kernel — F. solani 
6 35 Male Farming Right Dust particles — F. solani 
7 45 Male Farming Left Palm tree thorn — A. fumigatus 
8 18 Female Student Right Hit by stone — F. solani 
9 40 Male Farming Right Palm tree thorn — Penicillium sp 
I0 30 Female Farming Left — — A. fumigatus 
II 35 Male Farming Left — — F. solani 
12 54 Male Farming Right Bush plant injury Corticosteroids P. citrinum 
i3 44 Male Colliery worker] 
farmer Left Palm tree thorn — F. solani 
I4 44 Female Housewife Right — — P. citrinum 
15 60 Female Housewife Right — -— A. flavus 
16 5i Male Farming Left Hit by stone F. solani 
17 45 Male Farming Right Stick injury Self medication with 
eye drops F. solani 
1 16 Female Student Left Hot-oil burn -— P. expansum 
19 16 Male Student Right — —— F. solani 
20 44 Male Student Left Stick injury Self medication with 
ointment A. fumigatus 
as 33 Male Farming Left Cashewnut tree 


branch 


-— F. solani 
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FIG. 3 Hyphae of F. solani in corneal scraping. KOH preparation. >= 460 


s ^ m So p -> 
ee! P. v 
E n) + «* ’ 
FIG. 4 Histological section showing septate, dichotmously branching hyphae characteristic of A. fumigatus in the 
corneal tissue. Haematoxylin and eosin, * 410 
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FIG. 5 F. solani in culture showing clusters of inequilaterally fusoid macroconidia with pointed apical cells. 
Lactophenol blue mount. 375 


s 





ric. 6 F. solani in culture showing abundant terminal and intercalary, subglobose, smooth to slightly 
rough-walled chlamydospores. Lactophenol blue mount. * 375 





FIG. 7 A. fumigatus in culture showing typical conidiophores with clavate vesicles and uniseriate sterigmata 
“375 


(phialides) bearing chains of conidia. Lactophenol blue mount. 





Enucleation was done in another two cases in 
which the whole of the anterior segment was 
involved and there was no perception of light or 
projection. It was in these two cases that histo- 
logical examination showed the presence of hyphae 
of A. fumigatus in the corneal tissue and in the 
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FIG. 8 Penicillium citrinum in 
culture showing monoverticillate 

heads of conidia occurring singly 
and in bunches. Lactophenol blue 
mount. = 375 


sclera. Therapeutic keratoplasty could not be 
undertaken owing to lack of facilities. The new 
drug natamycin (Pimaricin), reported to be success- 
ful in treatment of F. solani keratitis (Jones, Forster, 
and Rebell, 1972), was not locally available. 
However, with a small quantity of the pure anti- 
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biotic kindly supplied to us by Gist-Brocades, 
Research and Development Division, Delft, Hol- 
land, we have tested the zn vitro sensitivity of eight 
isolates of F. solani from our cases by the tube 
dilution method in Sabouraud's dextrose broth. 
These isolates were found to be sensitive to the 
antibiotic at a concentration of 5 to 10 ug/ml. 


Discussion 


This is the first report of cases of mycotic keratitis 
from Nigeria or West Africa. The actual incidence 
of mycotic keratitis may be much higher since, 
owing to pressure of work, we could not investigate 
several other suspected cases among the large 
number of patients with corneal ulcers attending 
our clinic. The incidence of cases by age and sex 
is similar to that reported by Sood, Ratnaraj, 
Balaraman, and Madhavan (1968). 

Previous corneal trauma and topical application 
of corticosteroids or broad spectrum antibiotics, 
or both, have been significantly associated with 
mycotic keratitis in man. (Chick and Conant, 
1962; Zimmerman, 1963; DeVoe and Silva-Hutner, 
1972). Although only 15 out of our 21 patients 
gave a history of trauma, probably the remaining 
six had also sustained some mild injury which went 
unnoticed at the time. Notably, most of our patients 
were farmers and trauma was most often from palm 
tree leaf, thorn, kernel, or other plant objects. 
Most Nigerians work in agriculture and are there- 
fore more prone to outdoor trauma. Reddy, 
Satyendran, Satapathy, Kumar, and Reddy (1972) 
and Dasgupta, Gupta, Ray, Sunderaraj, Rama- 
murthy, and Lamba (1973), in their reports on 
keratomycosis in India, have also mentioned that 
most of their patients were agricultural workers 
with a history of trauma sustained while working 
in the fields. 

Only a few of our patients gave a definite history 
of topical application of corticosteroids. However, 
probably in a few other cases the unknown drops 
or ointment used in earlier self-medication may 


have been preparations of corticosteroids or broad 
spectrum antibiotics since both these are easily 


available in local markets without prescriptions. 
A wide range of fungi are known to cause mycotic 
keratitis and the predominant aetiological agents 


vary in different geographical areas (DeVoe and. 


Silva-Hutner, 1972). The 21 isolates of fungi 
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from corneal ulcers in our series represented three 
different genera—that is, Fusarium, Aspergillus, 
and Penicillium—F. solani being the predominant 
aetiological agent represented by 12 isolates. In 
an earlier study of 38 cases of fungal corneal ulcers 
from Florida, USA (Jones, Sexton, and Rebell, 
1969), 29 were proved to be caused by Fusarium 
sp., the commonest being F. solani, represented by 
11 isolates. A few cases of F. solani keratitis have 
also been reported from other areas in the USA 
(Halde and Okumoto, 1966), Argentina (Zapater 
and Arrechea, 1975), Venezuela (Cordero-Moreno, 
1973), Colombia (Greer, Brahim, and Gonzalez, 
1973), Ceylon (Nityananda, Sivasubramaniam, and 
Ajello, 1962), Japan (Matsumoto, 1972; Suga, 
1972), and Singapore (Jones, Jones, Lim, Bron, 
Morgan, and Clayton, 1969). 

F. solani is a saprophyte of world-wide distribu- 
tion and a well-known plant pathogen affecting a 
host of economically important plants (Booth, 
1971). Although we could not procure F. solani 
isolates of plant origin for a comparative study, the 
ability of our clinical isolates of the fungus to grow 
well at 37°C and survive at 40°C for more than three 
weeks confirms the observation made by Jones and 
others (1969). As suggested earlier (Emmons and 
others, 1970), strains of F. solani which cause 
human disease have possibly a tropical or subtropi- 
cal distribution. 


Summary 


A clinical and mycological study of 21 cases of 
mycotic keratitis, a clinical entity not yet reported 
from Nigeria or West Africa, showed that Fusarium 
solani was the predominant aetiological agent. It 
was isolated from 12 cases. Four of the remaining 
nine cases were caused by Aspergillus fumigatus, 
one by A. flavus, two by Penicillium citrinum, and 
one each by P. expansum and Penicillium sp. All the 
12 isolates of F. solani grew well at 37°C and survi- 
ved at 40°C. Two cases, one due to F. solani and 
the other to A. fumigatus, were accompanied by 
panophthalmitis. 


We thank Mr A. J. Brooks, head of the Medical 
Illustration Unit, for the clinical photographs and Dr A. 
V. Suseelan, Department of Morbid Anatomy, for the 
histological preparations. We also thank the University 
Senate Research Grant Committee for financial support 
for the study and Dr C. Booth, of CMI Kew, Surrey, 


for identifying some of our isolates of F. solani. 


BOOTH, C. (1971) The Genus Fusarium, Commonwealth Mycological Institute, Kew, Surrey, England 

CHICK, E. W., and CONANT, N. F. (1962) Invest. Ophthal., x, 419 

CORDERO-MORENO, R. (1973) Personal communication cited by Zapater and Arrechea, 1975 

DASGUPTA, L., R., GUPTA, A. K., RAY, B. G., SUNDERARAJ, T., RAMAMURTHY, S., and LAMBA, P.A. (1973) Indian J. med. 


Res., 61, 165 







Mycotic keratitis in Nigeria 613. — 








“Devor, A. C., and SILVA-HUTNER, MARGARITA (1972) - Fungal ccion of the eye, in ‘Microbiology of the Eye’, ed. 
.. D. Locatcher-Khorazo and B. C. Seegal, pp. 208-240. Mosby, St Louis 
P. |. EMMONS, C. W., BINFORD, C. H., and vrz, J. P. (1970) “Medical Mycology’, p. 436. Lea & Febiger, Philadelphia 
Los (GREER, D. L., BRAHIM, C., and GONZALES, L. A. (1973) Trib. méd, (S antiago), 94, 15 
HALDE, C., and OKUMOTO,. j.(1966) *XXth International Congress of Ophthalmology', part 2, p. 705, International 
Congress series no. 146. Excerpta Medica Foundation, Amsterdam 
JONES, B. R., FORSTER, R. K., and REBELL, G. (1972) Arch. pene 88, MT 
7, JONES, D. B., LIM, A., BRON, A. J., ! rone ' : 
. JONES, D. B., SEXTON, R., and REBELL, G (19 
ieu ‘EICHAA, E. (1933) Bull. A ceo Soc. E y: 





ZAPATER, Ri, re ARRECHEA, ; AL (rovs) d Ophthalmologica f Basel 4). 170,1 
ZIMMERMAN, L. E. (90g) Surv. Ophthal., 8, 1 




















Brit. Y. Ophthal. (1976) 60, 614 





Unsuspected fungal endophthalmitis diagnosed 


in vitrectomy specimen 


BARBARA PERINA, GEORGE H. KURZ, anp RAINER N. MITTL 
From the Department of Ophthalmology, New York University Medical Center 


M ycotic infections of the eye, as in other areas of 
the body, have been increasing. Nearly 100 different 
fungal species have been reported in ocular infection 
(Jones, 1975). This trend has been attributed to 
many factors including the use of corticosteroids 
and antibiotics and also to conditions causing 
decreased host resistance (Anderson, Roberts, 
Gonzalez, and Chick, 1959; Veirs and Davis, 1958; 
Rheins, Sute, Van Winkle, and Havener, 1966; 
Ley and Sanders, 1956; Francois and Rysselaere, 
1972; Wolter, 1962). 

The observation of multiple septate hyphae in 
the microscopical examination of a vitrectomy 
specimen from a patient in whom endophthalmitis 
was not suspected before surgery prompted the 
present report. To our knowledge this ts the first 
account of mycotic endophthalmitis diagnosed from 
material obtained by vitrectomy. 


Report of a case 


A 47-year-old White man with diabetes mellitus and 
mild congestive heart failure had an ocular history 
which included advanced diabetic retinopathy, recent 
vitreous haemorrhage, and neovascular glaucoma. The 
glaucoma was controlled medically and with penetrating 
cyclodiathermy of the left eve in November 1972. A mild 
anterior segment reaction followed this procedure and 
was treated intermittently with topical corticosteroids 
until January 1974. : 

On examination in January 1974, the vision was 
right eve: hand movements, and left eve: perception of 
. light with projection. The right eye had rubeosis iridis 
and proliferative diabetic retinopathy. In the left eye 
there were minor areas of rubeosis, cataractous changes 
of the lens, and a dense vitreous haemorrhage. The 
fundus could not be seen. Ultrasound study of the left 
eve revealed relatively dense opacities and membranes 
within the vitreous. Vitrectomy was suggested for the 
left eve and performed in July 1974, using the roto- 
extractor (Douvas, 1975). 

During the procedure a peculiar dense-white rubbery 
substance was encountered in multiple areas of the 
vitreous cavity. Some of this material was submitted to 
the pathology laboratory. Microscopical examination 
revealed patches of proteinaceous exudate with large 
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numbers of closely packed septate fungal hyphae 
(Figs 1 and 2). A few mycotic granules were observed 
(Figs 1 and 3). These were considered suggestive, but not 
diagnostic of coccidioidomycosis. Scattered lymphocytes 
were noted in some areas in association with the hyphae 
(Figs 2 and 4). Cultures for fungi were not done. 

After this unexpected finding, the patient was put in 
hospital for a complete medical examination. He denied 
having any systemic symptoms, and his diabetes and 
congestive failure were well under control. He denied 
past or present ocular pain and the general physical 
examination was unremarkable except for moderate 
obesity. On examination of the eyes the vision was right 
eye: perception of light; left eve: no perception of light. 
Intraocular pressure was right eve 16 and left eye zero 
by applanation. The right eye had otherwise remained 
essentially unchanged since January 1974. In the left 
eye the lids and adnexa were normal. There was marked 
injection of the conjunctiva, mild muicrocystic oedema 
of the cornea, and an organizing haemorrhage involving 
approximately go per cent of the anterior chamber. 
These findings had been present since the vitrectomy. 
The blood in the anterior chamber prevented further 
examination of the eye. 

In an attempt to find a possible source of the fungal 
infection, extensive laboratory studies were done in 
addition to the medical examination. Complete blood 
count, urine analysis, and blood cultures were negative. 
Serum profile was normal except for a raised level of 
glucose. Conjunctival cultures were negative for fungi. 
Anterior chamber and vitreous taps were not done, Skin 
tests for histoplasmosis and coccidioidomycosis were 
negative, Chest, skull, and sinus x-ravs showed no 
abnormalities. À liver scan revealed an enlarged spleen 
for which no explanation was found, Microscopical slides 
from the vitrectomy were reviewed by several mycolo- 
gists, but the species of fungus could not be positively 
identified. 

During the patient's stay in hospital no evidence of 
fungal infection could be found elsewhere in the body 
and two years later he was healthy without systemic 
complaints. The left eve was phthisical. A follow-up 
medical examination failed to reveal any coccidioidal 
lesions. 

The patient's record for the two years before the 
vitrectomy showed no sign of endophthalmitis, although 
he had been examined by numerous ophthalmologists 
during the period. An infection of the external ocular 
structures, specifically corneal ulcer, was never present. 
There was no history of accidental trauma. The cyclodia- 
thermy, which was followed by a mild anterior segment 
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reaction, preceded the vitrectomy by 20 months. Fungal 
endophthalmitis after cyclodiathermy has not been 
reported to our knowledge. We believe it unlikely, 
although not inconceivable, that the fungi gained 
entrance to the eye at the time of the cyclodiathermy in 
this case. 


Discussion 
The hyphae encountered in the microscopical 
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FIG. 1 Matted hyphae (H), 
surrounding patches of proteinaceous 
exudate ( E). Mycotic granule (G). 
Haematoxylin and eosin. 35 


FIG. 2 Densely packed septate 
hyphae with scattered lymphocytes 
Exudate (E). 

Haematoxylin and eosin. 224 


sections are believed to reflect the true disease 
rather than a contaminant for the following reasons: 
their presence on all slides of this case; their 
intimate association with the eosinophilic exudate; 
their large number; absence of fungal contamina- 
tion of other cases concurrently processed in the 
laboratory; the presence of mycotic granules; the 
presence of lymphocytes, and the unusual density 
and difficulty cutting the membranes encountered 
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during surgery, making the procedure much longer 


than anticipated. 
Intraocular infections caused by fungus (McClean, 


1963) may result from: 


Direct invasion of the external ocular struc- 
tures with resulting fungal conjunctivitis, 
fungal keratitis, and fungi in the lacrimal 
passages. Infection may then spread to deeper 
tissues. 


FIG, 3 Mycotic granule (G) amid 
multiple septate hyphae. 
Haematoxylin and eosin. 224 


FIG. 4 Scattered lymphocytes in 
proteinaceous exudate. Small 
number of hyphae (H). 
Haematoxylin and eosin. — X 224 


Extension from neighbouring areas, such as 
the skin of the face, nasopharynx or sinus, 
extending into the orbit. 

Exogenous route: or direct introduction intra- 
ocularly, either traumatic or surgical, most 
commonly after cataract surgery. 
Endogenous route: or haematogenous route. 
This may be considered in cases in which 
there is no infection of the cornea or adnexa 


and there is no history of ocular surgery or 
trauma. It may be subdivided into two types: 
A, Ocular involvement with an overt source. 
B. Ocular involvement with an occult source. 

Oculomycosis, as a complication of intraocular 
surgery (Theodore, Littman, and Almeda, 1961; 
1962) and traumatic injury (Fine and Zimmerman, 
1959), is being recognized with increasing fre- 
quency. Endogenous endophthalmitis is less 
frequently recognized (Bonatti, Jaeger, and Frayer, 
1963; Harley and Mishler, 1959). Our case appears 
to fall into the last category: endogenous intraocular 
infection without apparent systemic involvement. 

Intraocular infections caused by coccidioido- 
mycoses have been reported as cases of uveitis and 
chorioretinitis (Francois and Rysselaere, 1972). In 
1958, a case was presented of a patient with general- 
ized coccidioidomycosis with a granulomatous uveitis 
(Brown, Kellenberger, and Hudson, 1958). Histo- 
pathological examination revealed. granulomatous 
inflammatory nodules in the iris and ciliary body. 
These nodules contained giant cells with spherules, 
surrounded by an infiltrate of lymphocytes, plasma 
cells, and epithelioid cells. Another interesting case 
of iridocyclitis with iris nodules was reported in 
1967 (Pettit, Learn, and Foos, 1967). Cultures of 
aqueous grew Coccidioides immitis. Of note in this 
case is that there was no evidence of disseminated 
coccidioidomycosis. 

Iris nodules were not noted clinically in our 
patient before the vitrectomy. After that procedure 
the patient had almost a total hyphaema, and the 
iris could not be visualized. 

Endogenous intraocular infection due to fungi 
was considered very rare 15 to 20 years ago. Harley 
and Mishler (1959) pointed out that only 14 such 
cases had been reported in the literature and added 
one case of their own. Fungi were grown from a 
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systemic site in only one of these cases. Ín more 
recent years these infections are being reported 
more frequently. Freeman, Davis, and Maclean 
(1974) reviewed the literature on Candida endoph- 
thalmitis. There were 49 cases and all were reported 
during the 10-year period 1962-723. Systemic 
involvement was found in 14 patients and was 
questionable in 5; 30 had no evidence of systemic 
fungal involvement. Ocular symptoms were present 
in most of the cases. Naidoff and Green (1975) 
reviewed the literature on 17 patients reported with- 
endogenous Aspergillus endophthalmitis. Fourteen - 
of 16 on whom this information was available had 
some underlying predisposing disease. Ocular 
symptoms were present in most of the patients. 

The most common cause of endogenous fungal 
endophthalmitis today are the Candida species, 
followed by the genus Aspergillus. Some patients 
with infections secondary to Candida, Aspergillus, 
or other mycotic organisms do not have rapidly 
fatal diseases and may even be asymptomatic. As 
pointed out recently in the literature, some of the 
earlier reported cases in which. no svstemic source 
was identified, as well as our present case, un- 
doubtedly fit into this category. 


Summary 


A vitrectomy specimen obtained with the roto- 
extractor from a diabetic patient with vitreous 
haemorrhage revealed fungal endophthalmitis on 
microscopical examination. Endophthalmitis was 
not suspected before the procedure. Extensive 
medical examinations failed to reveal any evidence 
of systemic fungal disease. The case exernplifies 
endogenous mycotic endophthalmitis of occult. 
origin, the first of its kind, we believe, to be 
diagnosed in this manner. 


ANDERSON, B., ROBERTS, S. 8., GONZALEZ, C., and CHICK, E. W. uso) Arch. Ophthal., 62, 169 
BONATTI, W. D., JAEGER, E, A., and FRAYER, W. C. (1963) Ibid., 70, 772 
BROWN, W. C., KELLENBERGER, R. E., and HUDSON, K. E. (1958) Amer. J. Ophthal., 45, 102 


DOUVAS, N. G. (1975) 


Mod. Probl. Ophthal. ( Basel), xs, 253 


FINE, B. 8., and ZIMMERMAN, L. E. (1959) Amer. J. Ophthal., 48, 151 


FRANÇOIS, J., and RYSSELAERE, M. (1972) 
Springfield 


‘Oculomycoses, Factors Which Favor Mycotic Infection’. Thomas, 


FREEMAN, J. B., DAVIS, P. L, and MACLEAN, L. D. (1974) Arch. Surg., 108, 237 
HARLEY, R. D., ‘and MISHLER, J. E. (1989) Trans. Amer. Acad. Ophthal. Otolaryng., 63, 264 


JONES, B. R. (1975) Ibid., 79, 15 


LEY, A. P., and SANDERS, T. E. (1956) Arch. Ophthal., 56, 257 


MCCLEAN, J. M. (1963) Amer. F. Ophthal., 56, 537 
NAIDOFF, M. A., and GREEN, W. G. (1975)  Ibid., 79, 502 


. PETTIT, T. H., LEARN, R. N., and FOOS, R. Y. (1967) Arch. Ophthal., 77, 655 | 
- RHEINS, M. S., SUIE, T., VAN WINKLE, M. G., and HAVENER, W. H. (1966) Brit. Y. Ophthal., 50, 533 
"THEODORE, F. H., LITTMAN, M. L., and ALMEDA, E. (1961) Arch. Ophthal., 66, 163 


, and ———— 


WOLTER, J. R. (1962)  Ibid., 68, 337 


— (1962) Amer. F. Ophthal., 53, 35 
VEIRS, E. R., and DAVIS, C. T. (1938) Arch. Ophthal., 59, 172 





(C Unsuspected fungal endophthalmitis 617 — 











Brit. J. Ophthal, (1976) 60, 618 





Encephalitozoonosis (nosematosis) causing bilateral 


cataract in a rabbit 


|. NORMAN ASHTON, CHARLES COOK, anb FRANCIS CLEGG 
— From the Department of Pathology, Institute of Ophthalmology, University of London, and 
oo Ministry of Agriculture, Fisheries and Food, Loughborough, Leicestershire 


=c Encephalitozoonosis, first described by Wright and 
= Craighead (1922), is a chronic disease of rodents 
being a common and usually latent condition in 
many colonies of rabbits with a prevalence of 15 to 
76 per cent (Pakes, 1974); it has been reported in 
a wild rabbit. It is caused by a microsporidan 
parasite Encephalitozoon cuniculi, the name given by 
Levaditi, Nicolau, and Schoen (1923). References 
to its identification, taxonomy, and pathology are 
to be found in the reviews of Petri (1969) and Pakes 
(1974). This parasite has also been described in 
blue foxes (Kangas, 1971; Kull, 1971; Nordstoga, 
1972), in dogs (Plowright, 1952; Basson, McCully, 
and Warnes, 1966), and in the cat and the ox 
(Schuster, 1925), although in the last cases the 
organism was not definitely identified. Only two 
acceptable cases of systemic infection in man have 
been reported (Matsubayashi, Koike, Mikata, 
Takei, and Hagiwara, 1959; Margileth, Strano, 
Chandra, Neafie, Blum, and McCully, 1973). 

In 1964 it was believed that Encephalitozoon 
belonged to the family Nosematidae and it was 
proposed that the organism affecting mammals be 
re-named Nosema cuniculi (Wieser, 1964; Lainson, 
Garnham, Killick-Kendrick, and Bird, 1:964). 
Recent studies, however, by Cali (1971), Shadduck 
and Pakes (1971), and Sprague and Vernick (1971), 
. comparing the microsporidium with the type 
. Species for the genus Nosema (that is, Nosema 
 bombycis—the cause of silkworm disease) have 
- revealed differences in the developmental cycle. A 
return to the original name Encephalitozoon 
- cuniculi was, therefore, proposed. 

. The only published case of infection of the 
. animal eye is that of Perrin (1943) who found 

lymphocytic infiltration and a single accumulation 
of parasites in the retina of a spontaneously infected 
. Fat. A solitary case of such infection in the human 
. eye was reported by Ashton and Wirasinha (1973) 
: who found microsporidia in a corneal disc removed 
. fora penetrating keratoplasty in an 1 1-year-old boy 
. from Ceylon. 
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The purpose of the present communication is 
to report the first known example of cataract due 
to encephalitozoonosis, which occurred bilaterally 
in a spontaneously infected laboratory rabbit. 


Material and findings 


Bilateral cataract in a five-month-old rabbit (New 
Zealand white male; one of a litter of eight born 5 May 
1975) was first noted by one of us (FGC, in connexion 
with an investigation not relevant here) and the animal 
was sent for further examination to the Department of 
Pathology at the Institute of Ophthalmology, London. 
No cataracts were observed ophthalmoscopically in the 
seven litter mates: the eyes of four of these submitted 
for histologv showed no abnormality. 


CLINICAL EXAMINATION 
Right eye 


The lens appeared clear apart from a triangular white 
opacity in the anterior cortex at 12 o'clock, No posterior 
synechiae or distortion of the pupil were seen and there 
was no other abnormality, 


Left eve 


Nodular fluffy white masses were seen within the 
anterior lens cortex at 4 and 8 o'clock, and posterior 
synechiae adjacent to these areas distorted the pupil. 
No other abnormality was seen. 


HISTOLOGY 
Macroscopical examination 


The eyes were opened coronally and the anterior 
segments examined in normal saline at room temperature 
under the stereoscopic microscope. The findings 
confirmed the clinical examination (Figs 1 and s). No 
other abnormalities were observed either in the anterior 
or posterior segments. The right anterior segment was _ 
sectioned in paraffin, while the left anterior segment and 
both posterior segments were sectioned in celloidin. 


Microscopical examination 
Right eye: anterior segment 


The predominant pathological changes were to be seen | 
in the lens which showed a focal cortical cataract on one 


Encephalitozoonosis 619 


FIG. 1 Right eve. Anterior 
segment, viewed postero-anteriorly 
A triangular white opacity is seen 
at 12 o'clock (arrow) within 


anterior cortex of lens 








FIG. 2 Right eye. Section of anterior segment. Arrows indicate site of cortical invasion by microsporidia. 
Note inflammatory infiltration of adjacent ciliary processes compared with unaffected processes on 


opposite side. Haematoxylin and eosin. — « 9 
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FIG. 3 Right eye. Equatorial region of lens showing numerous refractile microsporidan spores within lens 
epithelium and lying free in adjacent cataractous cortical tissue together with degenerate epithelial 


nuclei (arrows), A few inflammatory cells are seen on surface of intact lens capsule. Haematoxylin 
and eosin, ~ 780 
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FIG. 4 Right eye. Posterior segment showing a focal infiltration of monocytes in relation to a surface 


vessel and »À intraretinal branch (arrow). No microsporidia were found outside lens. Haematoxylin and 
eosin. X2 
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FIG. 5 Left eye. Anterior segment, 
wiewed postero-anteriorly. Nodulai 
fluffy white masses are seen at 4 
and 8 o'clock within anterior cortex 
of lens (arrows) 








FIG. 6 Left eye. Section of anterior segment showing masses of microsporidia in lens cortex at equator 
on one side (arrow), Other lesions towards nucleus are not seen at this level. Haematoxylin and 


eosin. X*9°5 
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side of the section only and particularly at the equator, 
where several epithelial cells showed cytoplasmic 
aggregations of microsporidan parasites with highly 
refractile capsules and basophilic contents. These 
parasites were also seen within the cataractous equatorial 
tissue in irregular masses or lying free in eosinophilic 
fluid intermingled with degenerating epithelial nuclei. 
The adjacent ciliary body showed an intense inflam- 
matory reaction extending into the posterior chamber. 
There was, however, only a mild anflammatory infiltra- 
tion of the iris, and the ciliary body on the opposite side 
was almost normal. Only mononuclear cells were seen 
in the inflammatory reaction; there were no neutrophils 
or eosinophils and no parasites could be found outside 
the lens capsule (Figs 2 and 3). 


Special stains 


Periodic acid-Schiff and celestin blue failed to stain the 
organisms and no anterior polar cap could be identified, 
No breaks were found in the lens capsule in the region 
of the invaded epithelium. Giemsa and Gram stains 
gave variable results suggesting that some of the 
organisms were degenerate. Silver methenamine 
(Grocott-Gomori) stain showed masses of brownish- 
black microsporidia apparently empty. 


Right eye: posterior segment 


This showed a focal infiltration of monocytic cells on 
the surface of the disc and in the inner layers of the 
retina, especially around the surface vessels and intra- 
retinal branches (Fig. 4). The choroid was normal 
except at the peripapillary margin where there was a 
mild inflammatory infiltration. In one minute focus in 
the retina posteriorly there was a sharply demarcated 
area of visual cell atrophy. No microsporidan parasites 
were found in any tissue in this segment. 


Left eye: anterior segment 


The lens showed focal cortical cataract particularly 
evident in the anterior and equatorial cortex on one side 
where masses of microsporidia could be seen within the 
liquefied lens material (Figs 6 and 7). In some sections 
they were associated with necrotic inflammatory cells, 
including a few  polymorphonuclears, which had 
invaded the lens at two points where the capsule had 
ruptured (Fig. 8) Some sections showed parasites 
situated equatorially in relation to degenerate epithelial 
cell nuclei without inflammatory cells. Additionally, 
isolated granular aggregates resembling microsporidia 
were seen throughout the anterior cortex and near and 
within the lens nucleus (Fig. 9); occasionally these 
masses were calcified. The posterior pole of the lens 
was not invaded by cells or parasites. There was an 
inflammatory reaction in the anterior uvea, particularly 
intense at the pupillary margin and at the ora serrata. 
As in the case of the right eye, no parasites were found 
outside the lens, 


Special stains 
Periodic acid-Schiff and haematoxylin (PASH) stain 


showed basophilic nucleoplasm but no periodic acid- 
Schiff-positive reaction; periodic acid-Schiff and celestin 
blue and toluidine blue showed no specific staining 
of the microsporidia. Giemsa and Gram stains showed 
refractile capsules with blue contents, but the staining 
was variable, Silver methenamine (Grocott-Gomori) 
stain provided the best method for demonstrating the 
parasites; they stained black and were associated with 
crystalline debris (Fig. 10). 


Left eye: posterior segment 


This showed essentially similar changes to those of the 
right eve. 


ELECTRON MICROSCOPY 


A 10 jum celloidin section from the left lens was lightly 
stained with haematoxylin and examined in water under 
a dissecting microscope. The affected area containing 
the parasites was dissected out with micro-instruments 
and the celloidin was removed, the specimen rehydrated, 
postfixed in 1 per cent buffered osmium tetroxide, 
processed, and embedded in epoxy-resin. Thick flat 
sections were cut, using an LKB ultrotome 3, stained 
with toluidine blue and areas were selected for thin 
sectioning. These sections were examined with a Joel 
JEM 100 C electron microscope. A diagram illustrating 
the known ultrastructure of a microsporidan spore is 
shown in Fig. 11. 

Electron micrographs showed large numbers of 
thickly encapsulated structures containing degenerate 
electron-dense material and an even larger number of 
thinly encapsulated cells resembling respectively mature 
and immature microsporidan spores lying in a coarsely 
granular matrix containing irregular homogeneous 
masses (Fig. 12). The mature spores ranged between 
2:8 X r1 umand 1:6 =< o8 um, this variability probably 
being due to the level and angle at which the individual 
spores were cut, The mature spores were oval, comma- 
shaped or round in cross-section and showed a thick 
electron-lucid wall with an outer and inner electron- 
dense membrane. Because of the formalin fixation little 
could be definitely identified in the internal structure, 
but the shrunken contents occasionally showed an 
irregular hole which might represent the posterior 
vacuole. A structure resembling a polaroplast could 
sometimes be identified lying anteriorly either as a 
dense or laminated area. An anterior vacuole in place of 
the supposed polaroplast was occasionallv seen and a 
dense area, possibly the nucleus (sporoplasm, germ, or 
plamont), lay centrally. In some parasites profiles 
resembling a coiled filament or tubule with an electron- 
dense core could be seen. The sporonts appeared as 
simple oval, round or comma-shaped structures with 
thick membrane-bound homogeneous moderately 
electron-dense contents and occasionally with coarsely 
granular material, which sometimes extruded into the 
surrounding matrix and might have been the source of 
the granular material previously noted (F igs 13, 14, and 
15). 

It must be emphasized that the poor fixation and 
degenerative nature of this tissue makes a certain 
diagnosis impossible. Moreover, vacuoles of the order 
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FIG. 7 Left eye. Anterior segment. A mass of microsporidia lies within cataractous cortex of equatorial lens (thicker 
arrow) and inflammatory cells cover lens capsule which shows a small rupture (thinner arrow). A monocytic 
inflammatory reaction 1s present in ciliary body and inflammatory cells are scattered throughout posterior chamber. 


Haematoxylin and eosin. 72 





FIG. 8 Left eye. Equatorial region of lens. Two masses of microsporidia lie within cortical cataract. Inflammatory cells 
have invaded the more superficial mass ( S), entering through a rupture in capsule (arrow). The deeper mass ( D) is free 
from inflammatory cells suggesting that capsule rupture was due to a secondary inflammatory invasion rather than a 


portal of entry for parasities. Haematoxylin and eosin, ™ 180 
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FIG. 9 Left eye. Margin of lens nucleus showing a mass of microsporidia lying in cataractous semi-fluid 
lens material. Grocott-Gomori. X 280 





FIG. 10. Left eye. Numerous microsporidan spores seen within the lens. The characteristic oval, round 
and comma shapes of the argyrophilic and refractile spore capsules can be seen. Grocott-Gomori. X 1800 











and size of microsporidia and argyrophilic granules are 
often seen in normal and cataractous lenses as fixation 
artefacts or pathological break-down products. Great 
care is needed in differentiating them from degenerate 
microsporidia especially as the two were seen to occur 
together in this rabbit's lenses. The vacuoles, some of 
which are due to shrinkage of lens interlocking processes 
and especially resemble microsporidia (Fig. 16), may be 
differentiated by their variability in size and their 
failure to take up silver stains. The ultrastructural 
appearances are the final arbiter and in the case here 
reported are strongly suggestive of microsporidia as 
illustrated by Lom and Vavra (1963a, b) and Sprague 
and Vernick (1968) and closely resemble those described 
for Encephalitozoon cuniculi (Petri and Schiadt, 1966; 
Margileth and others, 1973). Complete proof would 
have been the unequivocal demonstration of the polar 
filaments, whereas in our electron micrographs these 
could be only vaguely discerned. Nevertheless, we 
believe the correct diagnosis to be bilateral cataract due 
to Encephalitozoon cuniculi with reactive anterior uveitis 
and retinal perivasculitis and will proceed to the 
discussion on the basis of this conclusion. 


Discussion 


This example of bilateral cataract due to encephalito- 
zoonosis in a spontaneously infected laboratory 
rabbit raises a number of interesting points. The 
fact that it has only now been recognized suggests 
that it is probably a rarity, and the bilateral involve- 
ment without injury to the ocular envelope indicates 
an origin from systemic infection, but as this 
diagnosis was not suspected clinically other organs 
were not examined. Since it has been reported that 
microsporidia are apparently unable to penetrate 


Descemet's membrane (Ashton and Wirasinha, 


1973) it might be inferred that a mature lens 
capsule would also form a barrier, suggesting that 
the microsporidia gained entry to the lens at an 
early stage of intrauterine development before the 
capsule was fully formed (the two small ruptures 
seen only in the lens capsule of the left lens were 
likely to be due to a secondary inflammatory 


invasion). Vertical transmission of encephalitozoon 


is thought to occur (Levaditi, Nicolau, and Schoen, 
1924; Perrin, 1943; Nelson, 1967) and has been 
strongly supported experimentally (Hunt, King, 
and Foster, 1972). 

The equatorial preponderance of the infection 
and the associated degenerate epithelial cells 
suggest that the parasites probably invaded the lens 
epithelium in this region, as actually observed in 
some sections, and were carried into the lens as the 
fibres developed. Here it is improbable that the 

microsporidia would long survive since they are 
very simple organisms devoid of organelles and 
containing little besides the genome, which is 
injected via the filament into the host cell, so 
resembling viruses (phages) in this respect rather 
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than protozoa (Sprague and  Vernick, 1968). 
Unless the enzymes of biological oxidation are 
located in the spore membranes (Liu, 1973, 1978) 
microsporidia would seem to be entirely dependent 
upon the metabolism of fully functional cells, 
which the epithelial cells of the lens cease to be as 
they transform into fibres with loss of nuclei and 
organelles. 

An intriguing question is why the parasites were 
found only within the lens; the inflammatory reac- 
tion outside the capsule in the anterior and posterior 
segments probably resulted from diffusion of a 
toxin from the intralenticular colonies. Such a 
selective affinity for lens epithelium, however, ts not 
unique as it is seen also in many cases of the rubella 
syndrome where cataract may suimmlarly be the 
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riG. 11 Diagram of the fine structure of a.microsporidan 


spore (after Kudo and Daniels, 1963) showing thick 
capsule and characteristic tubular coiled polar filament 
passing through polaroplast, which may appear laminated, 
granular, or vacuolar and which is responsible for ejecting 
the filament. A nucleus lies within the sporoplasm 


predominant or only ocular abnormality. Another 
AT tum could be that the microsporidia within 
the lens as opposed to those without, are protected 
from immune reactions. 

Encephalitozoon cuniculi bear a close resemblance 
to Toxoplasma gondii and, although. taxonomically 
not closely related, they can readily be mistaken for 
each other, a point of great importance in micro- 
scopical differential diagnosis (Margileth and 
others, 1973). Since both these parasites may be 
transmitted transplacentally the question arises 
whether Toxoplasma could similarly be directly 
responsible for cataract. The lens is usually un- 
damaged in ocular toxoplasmosis and in cases where 
cataract occurred it was regarded as secondary to 
the inflammatory reaction (Dekking, 1949; Glees, 
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FIG. 12 General view of microsporidia in left lens showing a few vacuolated and thickly encapsulated mature 
spores and numerous sporonts lying in homogeneous matrix containing coarsely granular material which is also 
seen within the sporonts (arrows), Electron micrograph. » 15 ooo. Insert shows light microscopy of epon section 
of this area. 2880 
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FIG. 13 High power view of microsporidia. Fully mature spores show thick electron lucid capsule with its 
inner (1) and outer ( O) membranes. Coarse granular material (GM) is present within and around sporonts ( S) 
which show earlier stage of encapsulation. Electron micrograph. = 48 ooo 
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FIG. 14 Another area showing a spore in which laminated polaroplast (PP) might possibly be discerned 
anteriorly and indistinct circular and convoluted profiles ( PF) may represent coiled polar filament. Electron 
micrograph. | « 48 ooo 
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FIG. 15 Higher power view of a microsporidan spore. Laminated polaroplast (PP), fragments of polar 
filament ( PF), nucleoplasm ( Np) and posterior vacuole may possibly be discerned ( PV). Electron micrograph. 
X 70 000 
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FIG. 16 Cataractous lens showing profiles superficially resembling microsporidia, but which are of variable size. 
The pseudocapsules are due to gross widening of intercellular space between a lens cell and interlocking processes of 
adjacent cell, Electron micrograph. = 33 000 





=- (Giroud, Giroud, and Martinet, 






1953; Lavat, 1953): in rats where congenital 


> cataract was the only manifestation of toxoplasmosis 


it was attributed to toxins produced by the parasites 
1954). There is 
only one report in the literature suggesting direct 
invasion of the lens: Ourth (1971) claimed to have 
demonstrated Toxoplasma gondii in 3o per cent of a 
series of cataractous human lenses using the direct 
fluorescent antibody technique. This question was 


carefully re-examined by Davies, Fleck, and Rahi 
(1973) who could not agree with Ourth’ '$ inter- 


pretation, believing that the particles he described 
were fragments of lens epithelium disrupted during 
homogenization. These investigations, however, 
were mainly concerned with senile cataract, so that 
whether or not protozoa play any direct role in the 
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aetiology of congenital cataract in man, although 
extremely unlikely, still remains unknown. 


Summary 
Bilateral cataract due to a microsporidan believed 
to be Encephalitozoon cuniculi (also called Nosema 


cuniculi) is described as an incidental finding in a 
laboratory rabbit. The route of infection and the 
significance of the findings are discussed. This is 


apparently the first report of cataract due to this 
cause. 
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technical assistance and to Miss E. FitrGerald for 


secretarial help. 
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Cataract after exposure to non-ionizing radiant energy 


MILTON M. ZARET, WENDY Z. SNYDER, anp LEO BIRENBAUM 
From New York University Medical Center, Departments of Ophthalmology and Physiology, and 
Polytechnic Institute of New York, Department of Electrical Engineering and Electrophysics 


The case reports that follow suggest that infrared 
radiation emitted from an electric oven and stove 
could be a contributory or aetiological factor in the 
differential diagnosis of cataracts. 

During the past 30 years, there has been a constant 
increase in the number of devices such as diathermy 
machines, microwave ovens, and electric stoves 
which emit radiant energy. While industrial heat 
(infrared) cataract in glassblowers and furnace 
workers was first recognized nearly 200 years ago 
(Wenzel, 1786), lens damage caused by microwave 
irradiation is a disease related to modern technology 
(Daily, Wakim, Herrick, Parkhill, and Benedict, 
1952; Richardson, Lomax, Nichols, and Green, 
1952; Shimkovich and Shilyaev, 1959; Zaret, 1964; 
Bouchat and Marsol, 1967; Kurz and Einaugler, 
1968; Zaret, 1974a, b). In both types of cataract 
the aetiology of the lesion has usually been explained 
in terms of thermal damage from absorbed radiation. 
In view of the long latent period often observed 
between exposure to repeated, subliminal doses of 
infrared or microwave radiation and the appearance 
of clinical cataracts, it has been suggested (Duke- 
Elder, 19724) that single exposures to such radiations, 
which are not of themselves harmful, may become 
hazardous if repeated sufficiently often. Further- 
more, the shorter the interval between subthreshold 
irradiations, the more likely it becomes that such 
lens changes ultimately will develop. 

In this paper we present two case reports, that of 
a wife and husband, with different histories of 
exposure to non-ionizing radiant energy. Each 
individual developed a specific type of ocular lesion 
relatable to exposure. The woman, who received 
medical diathermy treatment for a back injury and, 
jn later years, cooked on an electric oven and range, 
developed capsular cataracts in both eyes; the 
delayed type of cataractogenesis after diathermy 
therapy, instead of remaining latent, appeared to 
be exacerbated and hastened by additional exposure 
to infrared emission from the cooking device. Her 
husband, who had a longer history of exposure to 
the electric range only, developed first a retinopathy 
and later a lens capsule opacity both resembling 
injury from non-ionizing radiation. Clinical and 


. Address for reprints: Milton M. Zaret, MD, r230 Post Road, 
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histological evaluation of the cataractogenesis and 
capsulopathy will be discussed. 


Case reports 
CASE 1 


This 46-year-old White woman was first examined 
on 4 January 1975, having been referred because of 
unusual cataracts. During the previous two years, her 
eyeglasses had been changed at approximately three- 
monthly intervals because of changes in refractive error 
and an intermittent esotropia. Visual acuity was cor- 
rectable to 20/20 minus for the right eve and 20/30 minus 
for the left eve; her only complaint regarding clarity of 
vision was that it appeared as if she were looking 
through a transparent curtain with her left eye. 

Slit-lamp examination revealed a large, irregularly 
outlined, honeycombed capsulopathy involving more 
than half of the posterior surface of the lens. A few regions 
of vesiculation and opacification were present in the lens 
substance at its interface with the capsule. Thus, all of 
the disease was limited to the posterior lens capsule and 
adjacent, contiguous surfaces of the lens substance. 
This form of capsular cataract was present bilaterally, 
being slightly more extensive in the left than the right 
lens. Fig. 1 is a photograph of the left eye taken at the 
time of this examination. 

There was nothing in the patient's history to suggest 
an aetiology except exposure to a course of medical 
diathermy as therapy for back pain approximately 15 
years earlier. 

The diagnosis was incipient, delayed radiant energy 
cataract. The patient was advised that this type of cataract 
ordinarily would lie dormant or progress very slowly 
over a time period measured in years, that no treatment 
other than surgery was available, that surgery was not 
indicated at this time, and that she should avoid any 
additional exposure to radiant energy, especially non- 
ionizing radiation such as from medical diathermy or 
microwave ovens. She was instructed to return for a 
follow-up examination after an interval of three to six 
months because no significant changes were expected to 
occur sooner. 

However, within two months the patient had observed 
both a further decrease in vision which now made 
driving at night hazardous and increased difficulty in 
reading because the esotropia recurred more frequently. 
Therefore, she returned for re-examination on 15 March. 
At this time the best correctable visual acuity of the | 
left eye was reduced to 20/40 minus due to progression. 
of the cataractous changes. It was also noted that after 
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FIG. 1. Lens photcgraph, Case 1, left eve. Note cataract 
formation limited to posterior surface of lens 


instillation of mydriatics the pupils did not dilate well; 
this is not an uncommon, late finding in non-ionizing 
radiation cataracts, occasionally indicating the formation 
of posterior synechiae located peripherally, at the point 
where the iris first lies in apposition with the anterior 
bulge of the lens. This suspicion of synechiae was con- 
firmed at cataract surgery performed on 15 April, when 
it was necessary to perform posterior synechiotomies 
to free the lens from iridial adhesions in order to extract 
the cataract without rupturing the lens capsule. 

By 9 August 1975, the cataractous process in the right 
eye had also become more extensive, the lesion now 
involved most of the posterior surface of the lens and, 
in addition, a marked capsulopathy had become evident 
at its anterior surface. The patient’s complaints were 
hazy vision and intermittent diplopia. Visual acuity was 
reduced to 20/50 plus or minus. 

Cataract extraction was performed on the right eye 
on 20 August. At surgery, the anterior capsule was 
found to be adherent to the iris and the posterior capsule 
was adherent to the face of the vitreous. The adhesions 
were lysed and the lens was then delivered from the eye 
intracapsularly. After surgery, visual acuity was correct- 
able to 20/20 plus in each eve separately and the resultant 
restoration of the ability for fusion corrected the inter- 
mittent esotropia, 

In view of the unusually rapid development of this 
patient's cataracts, which took place over a period of 
months rather than vears, an investigation was under- 
taken to determine whether some additional radiant 
energy source in the patient's environment could have 
been providing repeated, covert exposures, thus being 
a contributory factor. The only suspicious element was 
that, since her marriage on 8 December 1973, she had 
used an electric range and oven. Both she and her 
husband worked and, as he returned home earlier than 
she, frequently he would cook the dinner. For this 
reason, it was decided to examine his eyes for signs of 
radiant energy effects. 
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CASE 2 


This asymptomatic 55-year-old man was first 
examined on 3 May 1975. His medical and occupational 
histories were negative regarding serious illness or 
significant exposure to non-ionizing radiation. 

The examination findings were physiological except 
tor ophthalmoscopy. In the left eye, the macula exhibited 
pigmentary changes, generalized hyperpigmentation 
with a few scattered minute areas of depigmentation, a 
finding seen rarely in general population groups but not 
infrequently in workers where the occupational environ- 
ment has an increased ambiance of photic energy 
(infrared and high intensity light environments) (Duke- 
Elder, 1972b; Zaret, 1972). Also in the left eye, a small 
area of pigmentary, degenerative change was present 
superiorly between the macula and optic disc. These 
changes are shown in Fig. 2, a retinal photograph of 
the left eve. In the right eve, two minute areas of 
depigmentation, each about o:1 mm in diameter, were 
found in the inferior region of the macula. By slit-lamp 
examination, both lenses were entirely physiological. 

After an interval of six months, the patient was re- 
examined on 22 November 1975. His visual acuity had 
remained correctable to 20 20 in each eve. However, 
the maculopathy had become more marked in both eves 
More importantly, by slit-lamp biomicroscopy a small 
area of capsular opacification measuring about 1:0 mm 
in largest diameter had now become apparent at the 
posterior surface of the left lens. These retinal and lens 
findings are compatible with frequently repeated ex- 
posure to non-ionizing radiation. 

In view of the implication that the electric oven and 
range could have served as a harmful, covert source of 
radiant energy exposure for both patients, being 
contributory to Case 1 and causal for Case 2, measure- 
ments were made of its emissions. 





Retinal photograph, Case 2, left eye. Note 
pigmentary degenerative changes 


FIG. 2 
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MEASUREMENTS OF ELECTRIC OVEN AND RANGE 
EMISSION 


Measurement of the radiant energy emission was 
accomplished by using a calibrated Eppley thermopile 
and a Keithley model 150B microvolt ammeter. 

Irradiation measurements of the electric oven with 
the controls set at the ‘broil’ position were taken at a 
distance of 30°4 cm in front of the door, The values were 
24 mW/cm? with the door closed and 97 mW cm? with 
the door open. 

The electric range had four burners, two in front and 
two at the back. Measurements were taken at a distance 
of 45:7 cm in front of the range. With one front burner 
on ‘high’, the irradiation flux was 57 mW /cm?. With one 
front and the ipsilateral rear burner on ‘high’, the 
measured emission was 97 mW/cm?. No measurements 
were made with all of the stove sources emitting, as 
such a flux of radiant energy would have exceeded by 
far the solar constant, an obviously hazardous condition 
for direct exposure of the eyes, 


Results 
HISTOLOGICAL FINDINGS 


After cataract extraction the right lens was im- 
mediately placed in 4 per cent glutaraldehyde 
buffered with o'r mol/l sodium cacocdylate for 120 
hours at room temperature (approximately 24°C). 
The tissue was rinsed in buffer with 4 per cent 
sucrose, sliced into anterior and posterior segments 
and postfixed for four hours in 1 per cent osmium 
tetroxide buffered with the cacocdylate-sucrose 
medium. After further rinsing in buffer and 
dehydration in a graded series of alcohols, the 
tissue was trimmed and cut into small strips and 
embedded in epon. Thick (1 to 2 um) sections were 
cut on a Porter-Blum (M-2) ultra-microtome, 
stained with r per cent methylene blue and photo- 
graphed under oil ( 560) with a Zeiss photomicro- 
scope. 

.. Fig. 3 shows the anterior surface of the lens 
lying behind the iris. Note the posterior synechiae 
with pigmented precipitates deposited on the 
anterior lens capsule. The subcapsular epithelium 
appears vacuolated and several cell nuclei seem 
pyknotic. In Fig. 4 a more central area of the 
anterior surface of the lens is shown. Here, the non- 
uniform staining of the capsule is apparent and the 
subcapsular epithelium is vacuolated. 

Figs 5 and 6 represent the posterior surface of 
the lens. In Fig. 5 note the irregular, outer surface 
of the posterior capsule and the vacuolization of 
the posterior cortex. The splitting of the capsule 
from the subcapsular cortex is an artefact. Fig. 6 
shows the non-uniform staining of the posterior 
capsule. There appears to be a large area of sub- 
capsular degeneration of the cortex as well as 
vacuolization of discrete areas. A close inspection 
of the inner surface of the capsule reveals that lens 


substance 1s adherent to it, thus obliterating the 
potential subcapsular space. Another feature of 
this apparent adhesion of the lens substance to 
capsule is that the lens substance at this site is more 
densely stained. Perhaps this may explain the 
earliest clinical appearance by slit-lamp bio- 
microscopy of capsulopathy in non-ionizing radia- 
tion cataract. 


Discussion 


The clinical findings and course for Case 1 suggest 
that the earlier exposure to medical diathermy 
radiation. produced a covert, slowly progressing, 
pathological process which was later accelerated by 
repeated exposure to infrared radiation. Otherwise, 
there was an unusually short duration of time 
required for the full evolution of the non-ionizing 
radiation cataracts. 

The histological appearance of the cataractous 
lens includes features previously described in 
experimental and clinical lesions produced after 
repeated, subliminal exposure to infrared or micro- 
wave irradiation. The pathological findings of the 
anterior surface of the lens— including pigment 
deposition on the anterior capsule, swelling and 
vacuolization of the subcapsular epithelium, and 
neighbouring lens fibres in association with 
posterior subcapsular vacuolization—are typical of 
of an infrared lesion (Vogt, 1930; Goldmann, 1932; 
Langley, Mortimer, and McCulloch, 1960). Vesicu- 
lation or honeycomb appearance at the posterior 
capsule and subcapsular cortex is more characteristic 
of medical diathermy or microwave-induced cata- 
racts (Zaret, 1964; Bouchat and Marsol, 1967; 
Kurz and Einaugler, 1968; Zaret, 1974a and b). 
This patient exhibited both infrared and diathermy 
radiation findings. Thus it appears that the 
histological evaluation of the lens supports the 
clinical impression that the more recent infrared 
exposure was effective quickly because of earlier 
exposure from medical diathermy. 

The pathogenic cause of non-ionizing radiant 
energy cataract is probably not as simple as some 
investigators have implied. For example, infrared 
rays are reported to be absorbed mainly by the 
pigment epithelium of the iris (Goldmann, 1932; 
Langley and others, 1960), and converted to heat 
which may damage the adjacent capsule and 
subcapsular epithelium of the lens. Local increase 
in temperature at the anterior surface of the lens, 
normally 115°C cooler than the posterior pole, can 
be produced experimentally with infrared radiation. 
(Goldmann, 1932). However, the delayed-type of 
microwave cataract usually is observed at the 
posterior surface of the lens and can be produced 
experimentally more easily in albino than in 
pigmented rabbits (Daily and others, 1952). Here, 
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FIG. 3 Anterior surface of lens, behind the tris ( methylene blue, 560). Note pigmented precipitates on lens 
capsule and vacuolization of subcapsular epithelium 
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FIG. 4 Anterior surface of lens, near pupillary aperture (methylene blue, X 560). Note banded staining of the 
capsule and vacuolization of subcapsular epithelium 


636 British Journal of Ophthalmology 





FIG. 5 Posterior surface of lens (methylene blue, 
of subcapsular cortex 


a direct heat effect from absorption by the pigment 
of the iris seems unlikely. 

There is a growing body of scientific data (Czerski, 
1974) demonstrating that long-term, chronic, or 
frequently repeated exposure to low field intensities 
of non-ionizing radiation can produce non-thermal 
effects on man. These are not associated with 
recognizable signs or symptoms of whole or partial 
increases in body temperature. In the lens, the 
clinical observation of a long latent period measured 
in months or years between exposure and effect 
suggests that these lesions are not produced directly 
by a local increase in temperature during irradiation 
of the tissue. In addition, the adhesions between 
iris and lens capsule also develop later. These 
findings suggest that perhaps the radiant energy 
damages the lens capsule directly (Zaret, 1972), 
altering its permeability or elasticity, thereby 
disrupting normal protein metabolism in the adjacent 
lens fibres. The injured capsule and subsequent 
permeation of proteolytic products through it may 
result in a proteopexic adhesion to whatever 
adjacent tissues lie in contact with the lens. Such 
a process could explain the clinical findings of 
adhesions of the lens capsule not only to the iris 
but also to the face of the vitreous and thus provide 


f 


360). Note irregular, outer capsule surface, and vacuolization 


a rationale for the delayed development of these 
adhesions. 

In Case 2, the maculopathy is indistinguishable 
from that seen in radiational chorioretinitis after 
repeated exposure to infrared radiation over an 
extended period of time. However, it is more 
important to note that capsular opacification has 
just become evident in the left lens, indicating that 
cataractogenesis is at a very early stage. Although 
one would anticipate a slow progression of the 
radiational injuries should the exposures continue, 
as a preventive measure the patient was advised to 
discontinue unnecessary, further exposure to any 
intense source of radiant energy, including the 
electric oven and stove. 


Summary 


The case histories of two individuals exposed to 
thermal radiation emitted from an electric oven 
and range were presented. In one patient, earlier 
exposure to medical diathermy appears to have 
initiated delayed or late-appearing, capsular cata- 
racts. Instead of the anticipated slow progression, 
the cataractogenesis was accelerated following 
recent, repeated exposure to the intense, infrared 
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FIG. 6 Posterior surface of lens (methylene blue, 
of subcapsular cortex 


radiation. In the other patient, exposed solely to 
infrared radiation, a chorioretinal lesion indistin- 
guishable from the type characteristically secondary 
to repeated, thermal radiation was observed. More 
recently, the earliest sign of thermal radiation 
cataractogenesis, capsular opacification, has become 
evident. 
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Keratometric changes after cataract extraction 


DHANWANT SINGH* anb KIRANJIT KUMAR 
From the Rajindra Hospital, Patiala, India,* and the Civil Hospital, Faridkot, Indiat 


Since Donders (1864) noticed that inverse astig- 
matism often occurred after superior section for an 
iridectomy or for cataract extraction, surgeons have 
differed about the type and number of sutures 
which produce least postoperative astigmatism. 
The present study, conducted in the Eye Depart- 
ment of the Rajindra Hospital, Patiala, was designed 
to try to resolve this question in relation to cataract 
wound closure. 


Patients and methods 


One hundred cases of cataract extraction were selected 
for study. In so cases (group A) the sutures were 
preplaced. Of these 50, 16 had one preplaced suture, 
17 had three, and 17 had five. In the other 50 cases 
(group B) the sutures were postplaced-—one postplaced 
suture in 16 cases, three in 18 cases, and five in 16 cases. 
Pre- and postoperative keratometry and retinoscopy 
were done on two follow-up visits, one at about 20 days 
after operation and the other at six weeks after operation. 
Physiological astigmatism was present preoperatively 
in 82 cases and was absent in 18. The astigmatism was 
inverse in 37 (45 per cent) cases, direct in 30 (37 per 
cent), and bioblique in 15 (18 per cent) (Fig 1). The 
average astigmatism was 1°19 dioptres. The axis was at 
180 or 9o degrees in 38 cases (Fig. 2). The average radius 
of the lesser curvature was 7-92 mm and of the greater 
curvature 7-70 mm (range from 6:79 to 9:4 mm). 


Postoperative results 
ASTIGMATISM 


At the first follow-up examination at 20 days, 31 
cases showed inverse astigmatism and 49 direct 
astigmatism. The average astigmatism was 5°15 
dioptres. The increase in the incidence of inverse 
astigmatism was only from 37 cases preoperatively 
to 51 postoperatively, whereas the increase in direct 
astigmatism was from 30 to 49 cases. Also out of 
the 18 cases with no preoperative astigmatism five 
showed inverse and 13 showed direct astigmatism. 

At the second follow-up examination at six 
weeks 72 cases had inverse astigmatism and 25 had 
direct astigmatism. Three cases had no astigmatism. 


- The average astigmatism was 2:49 dioptres. The 


axis of astigmatism was at exactly go or 180 degrees 
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in 33 (34 per cent) cases at 20 days (Fig. 3) and in 
40 cases at six weeks (Fig. 4). 

The radius of the lesser curvature had increased 
on average by 0:59 mm at 20 days. Between then 
and six weeks it decreased by o:51 mm, so that the 
increase at the final follow-up was o:o08 mm. 

'The radius of the greater curvature had decreased 
by o:24 mm at 20 days. Between then and six weeks 
it had increased by o-o8 mm, so that the decrease 
at final follow-up was o-16mm (Fig. 5). 

Thus there was a decrease or flattening of the 
lesser curvature and an increase or steepening of 
the greater curvature during the postoperative 
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FIG. 2 Distribution of axis of plus cylinder (corresponding 
to greater curvature) along different meridians in 82 

cases of astigmatism (including bioblique astigmatism) 
before cataract extraction, Each dot represents ane case 
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FIG. 3. Distribution of axis of plus cylinder 

( corresponding to greater curvature) in different 
meridians in 100 cases of astigmatism 20 days after 
cataract extraction. Each dot represents one case 
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FIG, 4 Distribution of axis of plus cylinder 

( corresponding to greater curvature) along different 
meridians in 97 cases of astigmatism 6 weeks after 
cataract extraction. Each dot represents one case 
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FIG. § Mean changes in radii of curvatures 


period. The flattening of the lesser curvature was 
relatively greater than the steepening of the greater 
curvature during the first 20 days, which accounted 
for the greater amount of astigmatism. At six weeks 
the changes were more in the greater curvature 
than in the lesser curvature. However, there was 
more variability in the changes in the lesser 
€urvature than in those in the greater curvature. 


5 i -Also the changes that occurred from the first to 
$T ~ the final follow-up were opposite to those that 





Table Comparison of pre- and postoperative 
astigmatism 
No. of cases with No. of cases with 
direct astigmatism —| inverse astigmatism 





«2D 2D «2D 2D 
Preoperati ve 26 10 is ? 
Postoperative — t2 LO 19 49 





occurred from before operation to the first follow- 
up. Similar findings have been observed by 
Beasley (1967), whereas Lamba and Sood (1971) 
found the opposite. 

In 44 cases the preoperative type of astigmatism 


did not change after operation. In 24 cases a 
preoperative direct astigmatism changed to inverse 
and in 13 cases an inverse changed to a direct. On 
the whole, the tvpe of postoperative astigmatism 
tended to be the same as the preoperative (Table). 
This is in agreement with Floyd (1951). 


TYPE AND NUMBER OF SUTURES 


The amount of astigmatism associated with 
preplaced sutures (group A) was 4-37 D at zo days 
and 2:53 D at six weeks, and that associated with 
postplaced sutures 5:93 D at 20 days and 2-45 D 
at six weeks (Fig. 6). 

Analysis of the amount of astigmatism in groups 
A and B at 20 days in relation to the number of 
sutures was as follows: one suture, soa D (group Aj 
and 7:20 D (group B); three sutures, 1:33 D (group 
A) and s:21 D (group B); five sutures, 4:79 D 
(group A) and 5:49 D (group B) (Fig. 7). Corres- 
ponding figures for the second follow-up at six 
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FIG. 6 Amount of astigmatism related to. type of suture 
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weeks were as follows: 3:69 D and 3:49 D; 1:83 D 
and 1°80 D; 2:15 D and 2:13 D (Fig. 8). 
The difference between the average amount of 


-astigmatism at six weeks between pre- and post- 


placed sutures was insignificant. In both groups an 
|J increase in the number of sutures from one to three 
resulted in a significant decrease in astigmatism. 
Increasing the number of sutures from three to 
five did not result in any further decrease in 
astigmatism—-on the contrary, there was a slight 
increase. 


RETINOSCOPY 


Retinoscopy at 20 days gave the following values: 
spherical +1047 D; + cylinder on retinoscopy 
4-2:99 D; cylinder on keratometry 5:15 D. The 
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etG. 7. Distribution of amount of astigmatism between 
groups A and B at 20 days related to number of sutures 
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FIG, 8 Distribution of amount of astigmatism between 
groups A and B at second follow-up (6 weehs) related to 
number of sutures 





comparable values at six weeks were -+ 11-00 D; 
+1797 D; and 2:49 D, respectively. There was an 
increase of o:53 D in the spherical and a decrease 
of r:22 D in the cylindrical value from first to final 
follow-up. This is in agreement with Lamba and 
Sood (1971). There was no correlation between 
the amount and axis of cylinder as measured on 
retinoscopy and keratometry. This is supported by 
Fonesca Calderia (1961) and Beasley (1967). 


STATISTICAL SIGNIFICANCE 


There was no significant difference in the amount 
of postoperative astigmatism whether pre- or post- 
placed sutures were used. The decrease in the 
amount of astigmatism with three sutures was 
significant. The amount of astigmatism was slightly 
higher with five sutures than with three, but the 
difference was not significant. 


Discussion 


This study shows that the number but not the type 
(pre- or postplaced) of sutures used at cataract 
extraction affect the amount of postoperative 
astigmatism. Astigmatism was significantly less 
when three sutures rather than one were used. The 
amount of postoperative astigmatism with five 
sutures was slightly higher than with three sutures, 
but not significantly so. Three sutures are therefore 
the optimum number to use but tt does not matter 
whether they are pre- or postplaced. 

Our results in relation to the number of sutures 
are supported by Bengisu (1963), Müller (1965), 
McLean (1967), and Truhlsen (1968). Taylor (1939), 
however, preferred five radial and appositional 
sutures. Nirankari and Khanna (1968) agree with 
us that it is immaterial whether pre- or post- 
placed sutures are used in cataract wound closure, 
although Singh and Goel (1969) disagree. 

The preoperative incidence of physiological 
astigmatism in our cases—82 per cent——is much 
higher than that reported by some others, as 
follows: ro:56 per cent (Mugge, 1908); 7:47 per 
cent (Luhl, 1909); 44:39 per cent (Cavara, 1922); 
48:10 per cent (Leibowiez, 1928); 42 per cent 
(Nirankari and Khanna, 1968), 60 per cent (Kapoor, 
1965), and 69 per cent (Singh and Goel, 1969). 
It is almost similar to the 75 per cent of Zamora 
(1904) and the 79 per cent of Beasley (1967) but 
less than the 95 per cent reported by Duke-Elder 
(1949). 

Our average astigmatism of raig D is higher 
than the roD quoted by Donders (1864), the 
o75 D by Pfalz (1885), the r'o4 D by Jackson 
(1932), the 0-75 to o's D by Sorensen (1944), the 
0-97 D by Kapoor (1965), the 0:75 D by Beasley 















(1967), and the o:5 to 0-75 D by Duke-Elder (1970). 
Our 38 cases with an axis of astigmatism at 180 or 
9o degrees are fewer than those quoted by Singh 
and Goel (1969). The range of radius of curvature 
agrees with that found by Tron (1934, 1935). 

The tendency for direct astigmatism to increase 

postoperatively, seen in our cases at first follow-up, 
may well be a sutural phenomenon, as first described 
by Floyd (1951) and later by Beasley (1967), and 
Elenius and Karo (1968). A contrary view has 
been expressed by Groenholm (1935), Nirankari 
and Khanna (1968), and Singh and Goel (1969). 
Our finding that the amount of postoperative 
astigmatism was unrelated to the preoperative 
amount accords with the findings of Beasley (1967). 

We draw the following conclusions from our 

study. 

1. Healing of the corneal wound after cataract 
extraction invariably produces an inverse type 
of astigmatism after six weeks. 

2. Astigmatism immediately after operation is 
high compared with that after six. weeks, 
when it is reduced to almost a half. At six 
weeks there is an overall decrease or flattening 
of the lesser curvature and an increase or 
steepening of the greater curvature. 

3. On the whole, postoperative astigmatism 
tends to be of the same type as preoperatively, 
especially in cases with preoperatively inverse 
astigmatism. There is no correlation between 
the amount of preoperative and postoperative 
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astigmatism. 

4. There is no appreciable difference between 
the change in the amount of astigmatism with 
pre- or postplaced sutures. Therefore post- 
placed sutures are in no way inferior to pre- 
placed. 

5. The optimum number of sutures, whether 
pre- or postplaced, is three. Three sutures 
produce least astigmatism, multiple sutures are 
better than one, but an increase from three 
to five does not serve any purpose. 

6. The changes observed on retinoscopy show a 
gradual increase in the spherical value and a 
decrease in the amount of eylinder up to six 
weeks. The value of the cylinder required is 
less than that observed on keratometry; the 
two bearing no relationship. 


Summary 


One hundred cases of uncomplicated cataract with 
clear corneae had cataract extraction and were 
examined at 20 days and six weeks after operation. 
Keratometry was done preoperatively and kerato- 
metry and retinoscopy at each of the follow-up 
visits. The study was undertaken to evaluate the 
type (whether pre- or postplaced) and the number 
of sutures (one, three, or five) that produce the least 
postoperative astigmatism. We found that the type 
of suture was immaterial but that three sutures 
produced the least astigmatism. 
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Treatment of uniocular aphakia 


A comparison of iris clip lenses with hard corneal contact lenses 


S. P. B. PERCIVAL ano K. M. YOUSEF 


From Scarborough Hospital, Scarborough 


Since 1949 (Ridley, 1951) attempts have been made 
to correct uniocular aphakia by insertion of a lens 
intraocularly. Results from using angle-supported 
lenses have been uniformly poor, mainly because 
of damage to the corneal endothelium and to the 
trabecular mesh-work. Iris-supported lenses were 
used with success during the 1960s (Binkhorst and 
Leonard, 1967; Dallas, 1970). These lenses did not 
produce glaucoma but because of problems arising 
from lens dislocation and late corneal oedema most 
surgeons still preferred either to leave the uniocular 
cataract untouched or after extraction to substitute 
a contact lens. 

It is well known that elderly patients are often 
intolerant of aphakic glasses and contact lenses, and 
Jaffe (19752) stated that for patients over the age of 
67 years intraocular lenses were more suitable. It 
is not disputed that the intraocular lens is often 
the treatment of choice in such an age group, but 
with improvements in microsurgical technique and 
design of the lens, the problems encountered in 
vounger patients have been largely overcome and 
short-term visual results have been considerably 
improved. It is therefore the purpose of this paper 
to compare the results using intraocular lenses and 
hard corneal contact lenses in a predominantly 
presenile age group. 


Material and methods 


Twenty-five consecutive patients with uniocular pseudo- 
phakia aged between 55 and 75 years at the time of 
surgery (Group A) were matched as closely as possible 
for age and sex (Table I) with 25 patients who were 
offered a conventional hard contact lens trial for uniocular 
aphakia (Group B). Twenty of Group B were consecutive 
cases and the contact lens trial was offered post- 
operativelv, two entered the trial between one and two 
vears after surgery, and three entered more than two 
years after surgery. Criteria for entry were an absence 
of preoperative macular degeneration, glaucoma, high 
myopia, and diabetes mellitus, and they had to have a 
corrected visual acuity of 6/12 or better in the fellow eye. 
The mean age at the time of surgery for Group A was 
66:3 years and at the time of entry for Group B, 67:5 
vears. 
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The standard cataract extraction was carried out 
under general anaesthesia using an ab externo micro- 
surgical step incision, six or seven preplaced sutures, 
chymotrypsin, two peripheral iridectomies, intracapsular 
cryoextraction, and re-formation of the anterior chamber 
with Miochol. In addition in Group A a four-loop 
Binkhorst iris clip lens was inserted, the anterior 
superior loop being sutured to the iris midstroma with 
10/0 Perlon. These patients also received subconjunctival 
Depomedrone and framycetin at the end of the operation, 
and the majority of those under the age of 70 years 
received preoperative intravenous mannitol and hyper- 
ventilation anaesthesia. Postoperatively betamethasone 
was begun on the fifth day and used for six to eight 
weeks in both groups and pilocarpine 2 per cent was 
instilled daily for at least six months in Group A. 

Postoperative examination included slit-lamp assess- 
ment for uveitis and iris atrophy, applanation tonometry, 
visual acuity for near and distance, and assessment of 
binocularity using the Wirt stereotest, Macular oedema 
did not necessarily show an obvious fundus abnormality, 
but was confirmed by the presence of macular scotoma 
on the Amsler recording chart associated with falling 
visual acuity. 


Results 


Of 25 patients offered a conventional hard contact 
lens trial (Group B), ro (aged between 67 and 74 
vears) declined chiefly because of apprehension 
about handling the lenses or losing them. Five other 
patients abandoned contact lenses after a few 
months because of difficulty in handling them or 
discomfort. There were 10 patients who were able 
to wear contact lenses for more than 1o hours a day 
but even so, two of these became erratic and 
abandoned them after 18 months to two vears' wear, 











Table I Age and sex 
Men Women 

Age enn ee tnt 
( years) A B A B 
55~61 3 2 2 o 
62-68 5 6 3 5 
69-75 4 4 4 8 
Mean 66 65 67 69 














Table II contrasts the disappointment of patients 
in Group B with the dramatic recovery of vision in 
Group A. Just three weeks after surgery most of 
those in Group A were able to see around 6/12 
unaided. It will be seen that two vears after the 
operation a patient not wearing glasses was nearly 
twice as likely to be seeing 6/9 or better in Group A 
than in Group B. 

These satisfactory unaided visual results are 
related to a consistent lack of postoperative astig- 
matism possibly reflecting on the surgical technique, 
involving at least five preplaced sutures before the 
eye is opened. Postoperative astigmatism was 0:75 D 
or less compared to the fellow eye in 7o per cent 
(35 patients) of the whole group, and less than 1-5 D 
in 94 per cent. There were no patients requiring a 
postoperative cylindrical correction above z'o D. 

A general feature of Group A was an improved 
depth of focus compared to the normal presbyopic 
eye. Thirteen patients (52 per cent) could read N8 
unaided, eight of these could read Ns unaided, and 
four patients (16 per cent) could actually see both 
6/9 and Ns unaided and did not require 
postoperative glasses. 

Table III shows the best visual potential in the 
two groups when the patients were using glasses. 
In assessing acuity a slight adjustment was made 
for aphakic magnification in that for 6/5 to be 
recorded all the letters had to be correct for the 
patient wearing aphakic spectacles, but only the 
majority for the patient with pseudophakia or a 
contact lens. Better visual results again were ob- 
tained for Group A reflecting an absence of serious 
complications; at two years 93 per cent of them 
could see 6/9 or better. Patients in Group B were 
often disappointed because their operated eye had 
not been brought into use; of those in whom the 
vision of the fellow eye had dropped to 6/12 or 
worse because of progressing cataract only five out 
of ro would wear an aphakic correction at one year, 
eight out of ro at two years' postoperation. 


Table II Comparison of visual acuity between 
Group A unaided and Group B unaided or with 
contact lenses when worn. (Patients given as 
percentage of numbers followed-up for given period) 





Period of follow-up 


emm m a ilL rd SETA AATE HAT M rr er PI NINH SENE A re À rA A ANI rrr t erm 





3 weeks 2 months x year 2 years — 3 years 

Visual acuity A HB A B A B A B A B 

25* 25* 25* 25* a5* 25* 14* 19* 4* 13° 

"7 — «6/60 4 100 100 6o 63 92 
— 660-6124 24 20 20 7 a5 
6/18—-6/12 56 36 28 21 25 

52 40 72 37 go 8 


6/9 or better 16 44 
3 x J $ r [AE ITD TATRA 
. *Number of patients 
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Table HI Comparison of best visual acuity 
between Group A and Group B with additional 
spectacle correction. ( Patients given as percentage of 


follow-up) 





Period of follow-up 





Ms WN era rm Promus a el Apr aera sarta Ae) E E 2 I AU PT ere enne via pae A IM I dt sii 


2 years 3 years 


Ferre ry Marie ae a ead Him eite as t ANA en ESI t ve 


A B A B A B A H 


2 months 1 year 


Mamanman aay nagpa Nt paa uh s aaa eraun shit E 


Visual acuity 


























as* 2s*  a5* 25*  14*  19*  a4* 13% 
6/24-6/12 4 123 8 ¥2 3 i1 & 
6/9-6/6 52 64 $o 54. x1 63 28 77 
6/8 44 — 24 — 32 24 40 x6 75 
No. not using 

aphakic correction — zs* 13* of g? 


*Number of patients 


Stereopsis 


Using the Wirt stereotest 17 patients (68 per cent) 
in Group A regained full stereoscopic vision (to 
40” or 50” of arc), and all in this group regained 
stereopsis to 140” of arc or better. By contrast, in 
Group B only four of the ro patients wearing 
contact lenses regained full stereoscopic vision, 
three others were stereoscopic to 100” arc or better, 
and three were worse than 140” arc. Girard, 
Friedman, Moore, Blan, Binkhorst, and Gobin 
(1962) also reported relatively poor stereopsis with 
conventional contact lenses (46 per cent stereopsis) 
compared with intraocular lenses (82 per cent 
stereopsis). 

Diplopia was never a serious problem but was 
initially disconcerting for three of the contact lens 
wearers. 

Eikonometry was performed using the Hawkswell 
eikonometer (Nolan and Hawkswell, 1974) on three 
of the patients wearing contact lenses. These gave 
an average reading of r:8 per cent magnification. 
The same instrument was used on 10 patients from 
Group A and gave an average reading of œz per 
cent magnification (range —1:7 to -- 1-9 per cent). 


Complications 


Complications (Table IV) were not serious and did 
not show any clear weighting for either group. 
'The single case of corneal oedema was from an ill- 
fitting contact lens and was quickly reversed. The 
case of lens subluxation occurred 22 months after 
surgery in one of the two patients whose pupil 
sphincter failed to constrict in the immediate post- 
operative period. The pupil diameter was 4:5 mm 
at the time of subluxation and the reposition of 
loops was readily corrected by non-surgical means. 
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Table IV Complications ( 50 patients) 








Vitreous loss I 
Hyphaema 1 
Iridocyclitis 2 
Atonic pupil sphincter 2 
Macular oedema 6 
Corneal oedema o 
Subluxation of inferior loop 1 
BENED tH TANNA Lid 


MACULAR OEDEMA 


Some form of clinical macular oedema was noted 
in 24 per cent of Group A and in 12 per cent of 
Group B. Visual deterioration began some time 
between the second and fourteenth postoperative 
month and in four of Group A it lasted less than 
three months. Macular oedema may be presumed 
to have occurred in a larger number of Group B 
but either at a time when the aphakia was 
uncorrected or to patients who did not consider 
the defect to be of any greater significance than the 
other difficulties of corrected aphakia. Gills (1975) 
in a review of intraocular lenses found there was 
an incidence of about 20 per cent of macular oedema, 
and angiographic evidence of macular oedema is 
known to develop in 40 to 60 per cent of uncompli- 
cated cataract extractions (Irvine, Bresky, Crowder, 
Forster, Hunter, and Kulvin, 1971; Toshioka and 
Kawashima, 1971; Hitchings, Chisholm, and Bird, 
1975), but the mechanism is unknown. Jaffe (1975b) 
showed that the incidence of macular oedema is 
similar whether the intra- or extracapsular method 
of extraction is employed, and in the present series 
there was no correlation with vitreous traction 
(as suggested by Irvine, 1953) or with inflammation 
or vascular disease (as suggested by Gass and 
Norton, 1966). In only three patients did the visual 
loss extend to 6/24 or worse (two in Group B, 
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one in Group A). The transient nature of macular 
oedema is well known (Gass and Norton, 1969; 
Jacobson and Dellaporta, 1974) and in this series 
the vision ultimately returned to 6/5 in some and 
to 6/12 or better in all patients. 


Conclusions 


A visual potential in Group A as good as or better 
than in Group B over a two- or three-year-period of 
follow-up suggests that in the age group under 
discussion an intraocular lens is justifiable for all 
patients with uncomplicated cataract and not 
merely those with uniocular cataract. In this series 
more than half the patients with intraocular lenses 
consistently saw 6/9 or better unaided, and more 
than 90 per cent saw 6/9 or better with spectacle 
correction, 

Optical advantages of intraocular lenses compared 
with contact lenses are immediate restoration of 
sight, better visual acuity, better stereopsis, and an 
improved depth of focus for the patient. 

Macular oedema occurred clinically in 24 per cent 
of the intraocular lens group and is more likely to 
produce symptoms than in patients without an 
implant. However, further research is required to 
prove that it is more severe than in other patients, 
and at present it should not be considered a serious 
complication since, although it may last several 
months, an eventual return of visual acuity of 6/9 
or better may be anticipated. 


Summary 


The visual results, stereopsis, and complications have 
been assessed on 50 patients in a presenile age group 
treated for uniocular aphakia. Twenty-five patients 
received a Binkhorst four-loop lens implant at the 
time of cataract surgery and 25 were offered a con- 
ventional hard contact lens trial postoperatively. The 
period of follow-up ranged from one to three years. 
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3 ‘Internuclear ophthalmoplegia 


An electro-oculographic study of peak angular saccadic velocities 
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Nervous Diseases, London 


Internuclear ophthalmoplegia is a well-recognized 
disorder of horizontal eye movements, characterized 
by impairment of adduction (Holmes, 1921) and 
nystagmus of the abducting eye (Harris, 1944). 
Studies of human histopathology (Cogan, Kubic, 
and Smith, 1950; Christoff, Anderson, Nathanson, 
and Bender, 1960; Kupfer and Cogan, 1966) and 
animal experiments (Carpenter and McMasters, 
1963; Carpenter and Strominger, 1965) show that 
it can be attributed to a lesion of the medial 
longitudinal fasciculus between the levels of the 
sixth and third nerve nuclei, on the side of the 
abnormally adducting eye. It has been inferred that 
the lesion affects axons arising from cells in the 
paramedian pontine reticular formation and passing 
to the medial rectus motor neurons in the oculo- 
motor nerve (Bender and Weinstein, 1950; 
Carpenter and McMasters, 1963; Carpenter and 
Strominger, 1965; Fuchs and Luschei, 1970). 
However, recent anatomical studies have failed to 
demonstrate direct connexions between the para- 
median pontine reticular formation and the ocular 
motor nuclei (Grabiel, 1975). In addition, the 
interneurons described by Baker and Highstein 
(1975) which relay from the sixth and third nuclei 
. máy be responsible for the mutual co-ordination of 
the two eyes during horizontal eye movements, and 
dysfunction of these neurons may be relevant to 
the pathogenesis of internuclear ophthalmoplegia. 

The impairment of adduction is variable, the 


most severe lesions causing complete loss of adduc- _ 
tion beyond the midline during contralateral gaze. 


In early reports, the clinical diagnosis depended on 
the recognition of a limited range of adduction. 
However, more recently it has been recognized that 
a less severe lesion may cause no apparent limitation 
in the excursion of the adducting eye, and the only 
clinical manifestation of the lesion may be reduced 
adduction velocity during horizontal saccades 
(Smith and David, 1964; Nelson and Engrov, 1969; 
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Cogan, 1970; Bird and Sanders, 1970; Dell'Osso, 
Robinson, and Daroff, 1974; Metz, 1976). Identifi- 
cation of internuclear ophthalmoplegia may be 
further complicated by the coexistence of lesions 
involving the neural pathways controlling conjugate 
eye movements or the sixth nerve (Cogan, 1970). 

In the early part of this century the characteristics 
of saccadic eye movements were defined (Dodge and 
Cline, 1901; Dodge, 1903) and the properties of 
saccades have been identified more precisely during 
the last two decades (Westheimer, 1954; Yarbus, 
1956; Mackensen, 1958; Hyde, :959; Rashbass, 
1961; Robinson, 1964; Cook, Stark, and Zuber, 
1966; Fricker, 1971; Ishikawa and Terakado, 1973; 
Boghen, Troost, Daroff, Dell'Osso, and Birkett, 
1974). It has been shown that a saccade is the 
result of a pulse-step change in innervation in which 
there is intense innervation of the agonist muscle 
and disfacilitation of the antagonist (Miller, 1958; 
Tamler, Marg, Jampolsky, and Nawratzki, 1959). 
Contraction of the agonist muscle results from a 
train of high-frequency pulses in the ocular motor 
neurons, and even in small saccades the frequency 
approaches the maximum attainable in low thres- 
hold units. The size of the saccade is related to the 
number of excited. neurons, the discharge rate of 
each neuron, and the length of the pulse of excita- 
tion. Saccades of over 20°, and those occurring 
away from the midline, cause near maximal in- 
nervation of all agonist motor neurons, and the 
characteristics of such eye movements are deter- 
mined largely by the duration of excitation (Fuchs 
and Luschei, 1970; Robinson, 1970). 

Peak velocity measurements have been used to 
characterize saccades. Such measurements may 
substantiate the clinical observation of slow 
saccades as a clinical sign of disease involving the 
neural mechanisms controlling eve movements 
(Gowers, 1879; Holmes, 1921; Starr, 1667). 
Reports have suggested the usefulness of these 
techniques in the detection of internuclear oph- 
thalmoplegia (Bird and Sanders, 1970; Metz, 1976). 

In this paper we report the results of quantitative 
assessment of peak angular velocities in a group of 
normal subjects and in a group of patients with a 
full range of ocular movements but with suspected 
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-slow adduction on horizontal conjugate gaze 


indicating internuclear ophthalmoplegia. The mea- 
surements in the two groups were compared in 
order to prove the clinical sign, and to assess the 
incidence of associated subclinical ocular motor 
deficits. 


Method 


Eighteen patients with nervous system disease were 
chosen for study because internuclear ophthalmo- 
plegia was suspected. Seventeen patients had multiple 
sclerosis and one (Patient 18) had a subarachnoid 
haemorrhage associated with clinical signs of brain stem 
dysfunction. Of the patients with multiple sclerosis, the 
history of disease varied from two months to 10 years 
and nine had no symptoms referrable to the visual 
system. In all patients adduction appeared to be slower 
than abduction during horizontal saccades, although in 
all but two cases (Cases 6, 16) adduction appeared full, 
and in all it was more than 30° bevond the midline. 
‘Twenty-five normal people were used as a comparison 
group. All normal subjects and patients studied had a 
visual acuity of 6/6, and none had used sedatives, 
hypnotics, or anticonvulsants during the week before 
testing. 

All subjects were placed in a dental chair with a chin 
rest for stabilization. Ocular saccades of each eye were 
recorded by electro-oculography using electrodes over 
the medial and lateral canthi bilaterally, and an indiffer- 
ent electrode was placed centrally over the nasion. The 
electrodes were a modification of those described by 
Hallpike, Hood, and Trinder (1960). A DC amplifier 
was used (Elema Schonander universal amplifier EMT 
12) in conjunction with a linear ink jet writer (Elema 
Schonander minograf ‘61’). This amplifier/recorder 
combination gave a linear frequency response up to 
soo Hz falling off to 7o per cent amplitude at 650 Hz. 
Peak velocities were assessed by measuring graphically 
the steepest part of the record during the ocular deviation. 

Fixation targets were tungsten filament bulbs viewed 
through a 2 mm aperture on a black background. The 
central target was 60 cm in front of the corneae, and two 
further targets were set at a visual angle of 30^ to either 


side of the central target. After calibration, the targets 
were illuminated one at a time and the subject was 
asked to look carefully at the light. Only 30° movements 
were asked for—-that is, centre to left, left to centre, 
centre to right, right to centre. The test was continued 
until at least five accurate saccades had been recorded 
in each of these directions. Calibration was repeated 
at intervals during the test. Individual peak velocity 
values were used to calculate mean velocity and the 95 
per cent confidence limits for each movement. Individual 
values were used to compare the results in patients with 
those in the normal group using Student's ¢ test. 


Results 


The mean peak saccadic velocities and 95 per cent 
confidence limits for the normal group are shown in 
Table I. Four of the 200 mean individual values 
obtained were above the confidence limits and none 
was below. Student's ¢ test was used to compare 
adduction and abduction velocities of each of the 
four saccades, and adduction was signicantly faster 
in each case (P<o-oor). A similar comparison 
showed that centring was faster than decentring 
(P < o-o01). 

The mean peak velocities of eye movements in 
the group with internuclear ophthalmoplegia are 
shown in Table I, and of each patient in Table II. 
Adduction and abduction peak velocities were 
compared and abduction was significantly the faster 
(P « o:'001), and in this respect the group differed 
from the normal subjects (P<o-oor). Adduction 
was slower than abduction bilaterally in all patients. 
À discriminant analysis was made on each patient 
and normal subject and everyone was correctly 
identified as belonging to the appropriate group. 

The wave-form of the adducting eye described 
during saccades differed from normal but varied 
from one patient to another. In some the movement 
was slow but the symmetry was unaltered (Fig. 1a), 
while in others there was progressive fall-off of 
angular velocity as the saccade progressed (Fig. 15, c). 


Table I Mean of peak eye velocities and 95 per cent confidence limits (in parentheses) during 30° horizontal 
saccades of 25 normal subjects and 18 patients with internuclear ophthalmoplegia ( INO) 


ABMUNIAUANAMULAERTRERORURIAMRARLUQERFOGRPHUUIFRIRARHN RIAM RIMERHRIIRHRIRAURMBRURIHAHRULHERUB AH AARTE: 


Right gaze 


Group Left to straight ahead* 


— 





Right eye Left eye Right eye Left eye 
Normal 464 - 506 453 504 
(584-343) (634-379) | (582-324) (627-381) 
INO | 323 | 23 1 298 162 
(551-94) (397-66) . (520-75) (340-0) 


Aere mum egit dvd APRON mire IY n a 


Straight ahead to right* 














Left gaze 

Right to straight ahead* Straight ahead to left* 
Right eye Left eye Right eye Left eye 
531 510 529 470 
(660-402) — (642-347) | (669-389) (601—340) 
202 317 157 309 
(370-34) (521—113) — (341-0) (480-138) 


* a 46° saccade 
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Table II | Mean of peak eye velocities during 30° saccades of each patient with internuclear ophthalmoplegia. 
The first 17 patients had multiple sclerosis and the last had suffered a subarachnoid haemorrhage with signs of 


brain stem dysfunction 


MMMIIRIERIUIUVDAIUPNUUEEIDIUNUBAAAMIUAUUMAUAMUARUEAEBIDARUUERRUUMIRMAUUNUAUURUUAHD ERDADAANMAANUUARPURROLULALEUIIRUIPEHUEIBAUEAUELRAALUABUIUBURHUAURUUD ENANAR NAAA EAA AASA 











Right gaze Left gaze 
Length of —— — ——— — 
disease Left to straight Straight ahead to Right to straight Straight ahead to 
Patient ( vears) ahead* right* ahead* left* 
Right eve Left eye Right eye Lefteye Right eye Lefi eve Right eve Left eye 

1 3 340 310 326 208 218 338 40 328 

2 4 212 232 138 96 185 432 125 338 

3 3 354 267 294 240 151 313 143 233 

4 2/12 581 365 510 330 438 445 327 Aft 

5 5 400 242 363 227 339 418 295 358 

6 5 218 185 185 39 133 175 97 193 

9 6 187 148 221 98 130 217 90 188 

8 I 410 275 392 213 178 470 136 387 

9 3 353 285 234 181 308 387 293 365 

10 6 333 143 315 125 97 284 77 304 

1i 6/12 166 165 227 115 130 153 roo 212 

12 4 379 277 342 247 200 333 140 378 

13 oid . 302 265 260 218 235 288 159 305 

14 2 532 103 383 271 137 393 99 429 

15 10 399 218 383 128 224 445 197 507 

16 3 217 186 167 40 167 169 89 188 

17 2 587 161. —— 430 129 198 260 166 316 

18 175 190 226 97 218 194. 129 298 
l——————— —————— —  m——áÜ es 


* : 40° saccade 


Occasionally two distinct fast phases were recorded 
within the saccade (Fig. 15, c). In each patient the 
wave-form was reproduced consistently for a par- 
ticular saccade, although adduction in one direction 
often differed from adduction in the other. 

The group of patients with internuclear oph- 
thalmoplegia had significantly slower abduction 
than the normal subjects in all saccadic movements 
(P< o-oor). In eight, abduction peak velocities of 
both eyes were below the 95 per cent confidence 
limit calculated from the normal group, and in a 
further three abduction was slow in one eye. In a 
majority abduction slowing was more pronounced 
during the decentring than the centring movement. 


Discussion 


It was established recently that ocular peak angular 
velocity is higher during large saccades than small, 
although the relationship is not linear and reaches 
its greatest at about 25° (Hyde, 1959; Cook, Stark, 
and Zuber, 1966; Boghen and others, 1974). There 
is some variation in the findings concerning normal 
peak velocities and the relative peak velocities of 
different eye movements. Average peak velocities 
during 30° saccades measured in a series of normal 
subjects have been variously reported as 580° per 


second (Westheimer, 1954); 529° per second (Hyde, -. 





1959); 452^ per second (Ishikawa and 'lerakado, 
1973), and 428° per second (Boghen and others, 
1974). Speeds of over 600^ per second have been 
recorded and Boghen and others (1974) consider 
200° per second as the lower limit of normal. It has 
been reported that temporal saccades are[faster than 
nasal saccades (Robinson, 1964; Fricker, 1971) and 
that they are equal in both directions (Hyde, 1959); 
that adduction saccades are faster than abduction 
saccades during large eye movements (Bogben and 
others, 1974) and that they are equal in small 
saccades (Boghen and others, 1974). It has also 
been reported that centring movements with 
respect to the primary position are faster than 
decentring (Hyde, 1959; Cook and others, 1966). 
The variability of results may be related to some 
extent to the different experimental techniques 
used. The stimuli used include alternating fixed 
and moving targets, and the recording systems 
include high-speed photography, corneal and 
contact lens reflexion, AC and DC electro- 
oculography, contact lens scleral search coi in a 
magnetic field, and infrared reflection. In some 
studies the measurements were restricted to accur- 
ate eye movements only, while in others no such 
restriction was made. The limited data are another 
likely. source of discrepancy; in many studies few 
subjects were used and few movements. analysed. 
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This is important, since it has been shown that 


there is considerable intersubject variation in peak 


velocities for the same movements and that the 
speed may vary in the same subject (Boghen and 
others, 1974). Therefore, there appear to be no 
accepted data for peak velocities during saccades at 
present, and as Boghen and others (1974) em- 
phasized, normal values have to be established by 
each laboratory. 

That the average peak adduction velocity in the 
25 normal subjects in this series was significantly 
faster than the abduction velocity is in complete 
agreement with the findings of Boghen and others 
(1974). Adduction was consistently faster than 
abduction in 22 of the 25 subjects during all eye 
movements measured. The speeds are somewhat 
faster than those recently published but there was 
considerable inter- and intrasubject variability. 





FIG. 1 EOG records during 30^ saccades, In each case 
the upper trace was derived from right eye and the 

lower from the left, and a movement to right is indicated 
by an upward deflexion of the trace and to the left by a 
downward deflexion. 

(a) The adduction movement is slower than abduction, but 
ts relatively symmetrical. (b) Left eve adduction shows 
two relatively fast phases whereas right adduction 
becomes slower as movement proceeds. (c) Right adduction 
shows two distinct fast phases and left adduction becomes 
slower as movement proceeds 


Of the 18 patients studied all had peak adduction 
velocities which were below the estimated lower 
limit of normal, and had slow adduction when the 
adducting and abducting eyes were compared. 
Characteristically, peak adduction velocities were 
relatively slower during the movement away from 
the midline and towards the limit of adduction, 
than during movement towards the midline, and 
in three a relative slow movement was detected only 
during the decentring movement. It can be 
concluded that measurement of peak velocities is 
useful in detecting internuclear ophthalmoplegia, 
or confirming the presence of suspected slow 
adduction. In this way the procedure may be critical 
in demonstrating unequivocally the presence of a 
second lesion in the central nervous system when a 
patient with restricted central nervous system 
deficit, such as optic neuritis or spastic paraplegia, 
is suspected of having multiple sclerosis. 

It appears that slow saccades rather than limited 
saccades are characteristic. of mild 'internuclear 
ophthalmoplegia’ due to primary intrinsic demy- 
elination. It has been established that, in its most 
severe form, demyelination causes a block in axonal 
conduction (McDonald and Sears, 1970). Such a 

















lesion in the internuclear pathways would be 
expected to cause limitation of the range of adduc- 
tion during horizontal saccades. 

However, milder lesions render the axon incapable 
of conducting high-frequency signals and cause 
delay in conduction of impulses by the axon 
(McDonald and Sears, 1970). The ocular motor 
nerves are characterized by the high frequency of 
nerve impulses (Robinson, 1970); if the central 
ocular motor system is similar in this regard an 
element of nerve block may be induced by 
demyelination. Such an alteration in conduction 
would cause the movement to be hypometric and 
slow, but occupy normal time. It is likely that the 
impulse frequency required to maintain the eyes 
in the eccentric position would be less affected so 
that after the initial saccadic movement the adduct- 
ing eye would drift slowly on to target (Robinson, 
1971). That such a wave-form was recorded (Fig. 15, 
c) suggests that an element of conduction block of 
high-frequency impulses plays a part in producing 
disordered adduction in internuclear ophthal- 
moplegia. Unequal slowing of conduction of inter- 
nuclear fibres in the medial longitudinal fasciculus 
would lengthen the overall pulse of excitation 
generating the saccade and reduce its peak fre- 
quency. This might account for slow movement 
with symmetrical wave-form (Fig. 1a). It 1s some- 
what more difficult to account for the two distinct 
fast phases which were recorded during the single 
adduction movement (Fig. 16, c). It 1s unlikely 
that these two movements were formulated separ- 
ately by the brain stem oculomotor generators 
since uniocular and vergence movements are 
characteristically slow (Weber and Daroff, 1971). 
Such a movement would occur if a lesion caused 
delayed conduction in some of the nerve fibres 
connecting the saccadic generator with the medial 
rectus motor pool leaving others intact. This would 
result in two pulses of adduction excitation at the 
oculomotor nerve and the interval between the two 
would correspond to the relative delay in one fibre 
population compared with the other. 

The results also show that abduction speeds in 
these patients with internuclear ophthalmoplegia 
were slow. Slowing of abduction may be due to 
lack of inhibition of the medial rectus muscle 
antagonizing the movement (Loeffler, Hoyt, and 
Slatt, 1966). However, no clinical correlation of 
this lack of inhibition has yet been shown and we 
have not demonstrated any correlation between the 
severity of the internuclear ophthalmoplegia and 
abduction slowing. Therefore, there 1s no evidence 
that slow abduction is an integral part of the inter- 
nuclear ophthalmoplegia. Slow abduction may have 
been caused by concurrent lateral rectus paresis 
- due to lesions affecting the sixth nerve or the 
=. connexions between the pontine reticular formation 
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and the sixth nerve nucleus, as proposed by 
Rothstein and Alvord (1971). Slowing of eye 
movements has been described in patients with 
lateral rectus paresis (Metz, Scott, O'Meara, and 
Stewart, 1970) but not in the absence of restricted 
movement. 

Alternatively, slow abduction in these patients 
with internuclear ophthalmoplegia may be due to a 
lesion of the supranuclear mechanisms governing 
horizontal saccades, although no patients had a 
previously recognized horizontal gaze paresis. 
Reduction of saccadic peak velocity has been 
recognized as a manifestation of horizontal gaze 
paresis even in the presence of a full range of ocular 
movements (Gowers, 1879; Holmes, 1921; Starr, 
1967). The occurrence of horizontal gaze paresis in 
patients with internuclear ophthalmoplegia has 
been emphasized in the past (Cogan, 1970) but the 
frequency of this association has not yet been 
established. In this series of patients with inter- 
nuclear ophthalmoplegia, this feature occurred in 
as many as 11 out of a total of 18, and was unilateral 
in three and bilateral in eight. Normal abduction 
velocities in the remaining five patients do not 
necessarily indicate the integrity of the supranuclear 
gaze mechanisms since in four the peak velocities 
were close to the 9s per cent confidence limit, and 
the incidence of supranuclear lesions may be even 
higher than indicated by these figures. Gaze paresis 
and the internuclear ophthalmoplegia may be due 
to the same lesion (Fisher, 1967), but it is equally 
possible that more than one lesion caused the 
multiple ocular motor deficits in these patients. All 
patients studied had disease which was multifocal 
in nature, and all had clinical evidence of more than 
one lesion; it is relevant that four of the five with 
normal abduction velocities had a short history of 
the disease. 

The high frequency of gaze paresis may be 
relevant to the nystagmus which is so characteristic 
of internuclear ophthalmoplegia. The nystagmus is 
usually attributed to the abducting eye only, but in 
most patients nystagmus can be detected in the 
adducting eye also (Fig. 15); the nystagmus is less 
in the adducting eye so that it is asymmetrical 
rather than unilateral. The nystagmus on extremes 
of horizontal gaze may be due to gaze paresis, the 
low frequency and irregularity of the nystagrnus 
being characteristic of gaze paretic nystagmus 
(Jung and Kornhuber, 1964). Asymmetry of eye 


movements is well recognized during optokinetic 


nystagmus (Smith and David, 1964) and post- 
rotational nystagmus (Sjroky, Kieicova, and 
Ymazah, 1973), and has been attributed to the 
small excursion of slow adduction saccades and 
superadded convergence tone (Dell'Osso and 
others, 1974). Similarly the asymmetry of the 
nystagmus on lateral gaze could be attributed to the 
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internuclear ophthalmoplegia. It has been shown 3. Abduction velocities in patients with inter- 
in many of our patients that adduction saccades ^ nuclear ophthalmoplegia were significantly 
become slower as the eye nears full adduction, and slower than abduction velocities in normal 
this would certainly account for the high degree of subjects. | | 

asymmetry of the nystagmus on extreme lateral It was concluded that measurements of peak 
gaze, and the difficulty in detecting the movement angular velocities during saccades may be useful in 
of the adducting eye. detecting internuclear ophthalmoplegia or confirm- 


ing the presence of suspected internuclear ophthal- 
moplegia. Slow abduction suggests that many 


Summary patients with internuclear ophthalmoplegia (60 per 
Peak angular saccadic velocities were measured cent in this series) have lesions affecting the 
during 30° saccades in 18 patients with internuclear supranuclear pathways subserving horizontal con- 


ophthalmoplegia who had full or nearly full jugate gaze. 
adduction range, and 25 normal subjects. The 
following observations were made: | 
1. In the normal group adduction velocities were We should like to thank Dr J. D. Hood, who advised us 
during this work, the consultants of the National 
and centring movements were faster than Hospital for ety ous pense: no allowed yee study 
. their patients, Dr M. Gresty, who advised us concerning 
decentring MOVEMENTS: SN the manuscript, and Miss Jayne Fisher for secretarial 
2. In patients with internuclear ophthalmoplegia help. We should also like to thank Mr B. Augier and 


significantly faster than abduction velocities 


adduction movements were significantly Mr H, Donovan who performed the statistical analyses. 
slower than in normal subjects and were We are particularly grateful to those normal subjects 
significantly slower than abduction velocities. who comprised the comparison group. 
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A study of head and eye movement in spasmus nutans 


M. GRESTY anp J. LEECH 


From the MRC Hearing and Balance Unit, Institute of Neurology, National Hospital for Nervous Diseases, 


London 
M. SANDERS aup H. EGGARS 


From the Neuro-ophthalmology Department, National Hospital for Nervous Diseases, London 


Spasmus nutans was first described by Raudnitz 
(1897) and although it is a rare clinical entity, it 
has been systematically documented by several 
authors (Cox, 1936; Norton and Cogan, 1954; 
Qsterberg, 1937; Walsh, 1947; Wybar, 1971) all 
of whom have provided a characteristic clinical 
picture. All investigations of spasmus nutans have 
concluded that there is no relationship between the 
nystagmus and the head nodding because of the 
different frequencies involved. However, there are 
no reports in the literature of objective measure- 
ments of head and eye movements. Modern 
kinesiological recording methods are simple to 
perform and suitable for the recording of head 
movements. In addition recent studies of the 
normal patterns of head and eye co-ordination in 
man have helped in understanding the mechanisms 
involved (Mowrer, 1932; Hodgson and Lord, 1954; 
Crawford, 1960; Bartz, 1966; Fleming, Vossius, 
Bowman, and Johnson, 1969; Gresty, 1973, 
1974). 

The interrelationship of head and eye move- 
ments was recorded in a case of spasmus nutans 
using electro-oculographic techniques in conjunc- 
tion with an optical method of recording head 
movements. 


Case history 


A 4-year-old-boy from Kuwait was referred for neuro- 
ophthalmological investigations. 

At the age of 84 months the parents had noticed 
rapid oscillatory eye movements. On beginning to walk 
they noted intermittent head nodding. This was marked 
initially but during the past vear had improved. There 
was no history of neurological disorders and the family 
history was normal. 

On examination there were intermittent episodes of 
horizontal and vertical oscillatory movements of small 
amplitude. They could be more marked in one eve or 
the other but seemed more marked in the abducting eve. 
On attempting convergence there was marked oscillation 
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in the right eye. Ocular examination was otherwise 
normal with visual acuity of 6/5 in each eye and normal 
fundus examination. 


EXPERIMENTAL METHOD 


'The patient was seated in a chair in an upright position 
which did not obstruct freedom of head movements. He 
was fitted with a light, unobtrusive spectacle frame that 
carried sockets and leads for DC electro-oculographic 
(EOG) recording of the horizontal movements of the 
left and right eye. The ear pieces of the frame were 
linked around the back of the head with an elastic band, 
which supported a small (1 W) non-directional infrared 
emitter on the occipit. 

A Schottky barrier (United Detector Technology 
SC/2s) linear motion photo detector was mounted with 
its sensitive surface in the focal plane of a 35 mm 
camera. The axes of the detector were orientated hori- 
zontally and vertically. The camera was placed to view 
the back of the patient's head. As the patient moved his 
head the detector gave x, y co-ordinate readouts of 
the linear motion of the infrared source which were 
sinusoidally related to the head rotation. Since the head- 
nodding consisted of small amplitude oscillatory rotations 
in the horizontal plane the x axis of the detector pro- 
vided a signal which was approximately a linear 
function of head displacement. The patient was examined 
experimentally for two 14-hour periods while continuous 
recordings were taken, Emphasis was laid on determining 
the specific stimuli which evoked the nystagmus and 
head movement and their interrelationships. 


Results and discussion 


Detailed characteristics of the head nodding and 
ocular movements which could not be determined 
by inspection were clarified by the recordings. The 
nystagmus consisted of a high-frequency (11 Hz? 
sinusoidal, convergence movement of both eyes 
(Fig. 2, upper traces). The peak to peak amplitude 
of oscillation was about 2^. During these oscillations 
some jerk-type nystagmus to the left occasionally 
occurred (Fig. 1, eve movements with stationary 
head) The head nodding consisted of a 3-Hz 
sinusoidal horizontal oscillation. of the head with 
a peak to peak amplitude of about 3^ (Fig. 2, 
lower traces). During the head nodding, perfectly 
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normal compensatory eye movements were present 
(Fig. 2, lower traces). 

Further examination of the head and eye move- 
ment recordings revealed consistently reproducible 
features which, to our knowledge, have not hitherto 
been reported and would appear to have important 
implications for understanding the nature of the 
disorder. 

Of utmost importance is the consistent finding 
that the head nodding (Fig. 2, lower traces) always 
abolished the eye movements (Fig. 2, upper traces). 
The nodding was specifically elicited by novel 
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FIG, 2 Displacement 1 in the horizontal plane of the head 
and eyes in a case of spasmus nutans. Upper traces ; 
head stationary, eyes executing pathological convergence 
oscillation. Lower traces; head nodding, eyes executing 

: “normal i lalate movements vef vestibular one 
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FIG. 1. Displacements in 
horizontal plane of head and eyes 
recorded in a case of spasmus 
nutans. Horizontal arrows indicate 
primary gaze and primary head 
position. High frequency eve 
movements present during periods 
of quiescent head movement 
represent nystagmus of spasmus 
nutans 


Leftwards 


stimuli (the most powerful being an unknown face) 
to which intense attention was paid. Hence it would 
appear that the head nodding is a mechanism which 
permits the discrimination of the finer features of 
a visual stimulus. In place of the abolished patho- 
logical nystagmus the eyes perform purely compen- 
satory movements which aid vision during head 
displacements (Benson and Guedry, 1971). The 
frequency of the head nodding is well within the 
range of principal natural frequency components 
of voluntary head movements in hurnans (1 to 
4 Hz). The tentative hypothesis may be made that 
the head nodding is not pathological in origin but 
may be considered to be an operant-conditioned 
response which, because of its powerful ability to 
supress the pathological nystagmus, is an adaptive 
behavioural pattern. 

There is some evidence against the hypothesis. 
Case histories are divided between those in which 
the parents report that head nodding had an earlier 
onset than eye nystagmus and those reporting the 
inverse sequence, 

The nystagmus is abolished not only by head 
nodding but also by any head movements of 
significant amplitude (Fig. 1, later portions of the 
head movement trace). Island head movements of 
small amplitude (2° to 3°) did not necessarily 
abolish the nystagmus. It may be the case that in 
small children there is no requirement for prolonged 
periods of visual fixation so that any amplitude and 
frequency of head movement can be employed to 
abolish the nystagmus. In older children, such as 
the patient described here, prolonged fixation is 
required and as a consequence the suppressive head 
nodding becomes more refined, This consideration 
may explain the variety of movements reported in 
spasmus nutans. The small amplitude and high 


frequency of the refined head nodding produces, as 
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in normal subjects, a purely compensatory eye 
movement (Benson, 1969). 

The origin of the nystagmus is more in doubt 
than that of nodding. The nystagmus has a basic 
high-frequency component similar to the principal 
frequency components of saccadic eye movements 
(Barnes, 1973); therefore it is possible that the 
origin lies entirely in an imbalance of the saccadic 
pulse generating mechanism. It is envisaged that 
each eye is supplied with a high frequency train of 
saccadic pulses, alternately adducting and abducting 
the globe and producing an overall plant response 
in the form of sinusoidal oscillation. 


Conclusions 


The tentative hypothesis is made that head nodding 
in spasmus nutans is an operant-conditioned 
phenomenon which, by suppressing the patho- 
logical, high-frequency nystagmus aids visual 
acuity. It is not pathological per se but epiphenom- 
enal. ‘The eye nystagmus appears to be a disorder 
of the saccadic pulse generating mechanism(s). 
These conclusions were drawn from intensive 
observation of a single case of spasmus nutans. 
More information about the developmental history 
and patterns of motor co-ordination is needed 
before valid generalizations may be made but the 


References 


low incidence of spasmus nutans impedes the 
satisfaction of this requirement. 


Summary 


A case of spasmus nutans was studied using 
objective recordings of head and eye displacement 
in order to generate a precise description of the 
ocular oscillations and head nodding and to 
investigate their interrelationships. The ocular- 
oscillations consisted of 11-Hz sinusoidal converg- 
ence movements. The head nodding consisted of a 
3-Hz, 3° peak to peak, sinusoidal oscillation in the 
horizontal plane. The occurrence of the nodding 
always abolished the ocular oscillation which. was 
replaced by normal compensatory eye movements 
which assisted visual acuity. The hypothesis is 
made that the head nodding is not pathological: it 
is a learned behavioural pattern which permits the 
patient to nullify the pathological eve movements. 
In order to test this hypothesis further, objective 
evidence is required to determine the precise order 
of appearance of the abnormal head and eye 
movements in spasmus nutans. 
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Incidence of retinoblastoma in the Bantu of South Africa 


JEFFREY FREEDMAN ann LEON GOLDBERG 
From the Department of Ophthalmology, University of the Witwatersrand and Baragwanath Hospital, 


Johannesburg 


There is no report on the incidence of retino- 
blastoma in the Bantu of South Africa. The 
incidence of any disease entity in a population often 
lends a clue to its aetiology and this forms an 
important part in the epidemiological study of the 
disease entity. This also applies to the study of 
neoplastic conditions and, as regards this report, to 
retinoblastoma in particular. The patients reported 
in this study all came from the Johannesburg area 
of South Africa and were seen mainly at the St John 
Eye Hospital, Baragwanath, during the 20-vear- 
period from 1955 to 1976. 


Clinical study 


The patients were classified according to age, sex, and 
uniocular or binocular involvement. 


Results 


During the 20-vear-period a total of 78 new cases of 
retinoblastoma were seen. This represents an average of 
just under four new cases each year, The birth rate 
derived from hospital clinic and census figures in the 
area from which the cases came is 40 ooo live births a 
year. 'The incidence of retinoblastoma in the Bantu from 
this area is one per 10 ooo live births. 

The age and sex distribution of retinoblastoma were 
calculated for 71 patients (Table), but the ages of the 
remaining seven patients were unobtainable. 

Nearly half of the children with retinoblastoma were 
in the two- to three-year age groups, while an equal 
number of children appeared in both the one- to two- 

. and four-year age groups. Of the total number of 
patients (78), 64 had one eve involved and 14 had both 


eyes involved. The average age of the binocular cases 


at presentation was three years, and for the uniocular 
cases at presentation it was 34 vears. The ratio of boys 
to girls in the uniocular cases was 1:2 : 1 and in the 
binocular cases 3 : 1. In this series the ages of presenta- 
tion were known in 71 cases. Of these, 80 per cent were 
diagnosed before the age of four years. The tumour 
had spread in 45 out of the 78 cases; in these it was 
poorly differentiated and had spread either well into 
the optic nerve, the orbit, the brain, or to bone. Only 
13 per cent of these cases were binocular. 


. Address for reprints; J. Freedman, FRCS, Department of Oph- 
 thalmology, University of the Witwatersrand and Baragwanath 
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Table Age and sex distribution of 71 patients 











Age ( years) Males Females 
I 1 1 

1—2 9 6 

273 TS 14 

374 6 4 

4 9 6 
‘Total 40 31 
Discussion 


In this series 80 per cent of cases were diagnosed 
before the age of four years. This corresponds with 
the findings of Taktikos (1966), and Tarkkanen and 
Tuovinen (1971). The series in the Bantu showed a 
moderate preponderance of males. This corres- 
ponds with the findings of Bech and Jensen 
(1961), Carbajal (1958), and Herm and Heath (1956). 
Tarkkanen and Tuovinen (1971) in their series 
demonstrated a slight preponderance of females 
(gt out of 171). The sexual incidence in the Bantu 


would therefore seem to coincide well with the 
incidence found in other series dealing mainly 


with Caucasoid populations. In a series (Sevel, 
Sealy, and Lawton, 1973) reported from Groote 


Schuur Hospital, South Africa, the sex ratio was 
similar to that of our series—that is, 40 males and 


31 females-—however, their race was not mentioned, 
but the comparison seems to imply that the numbers 
of patients seen in the Transvaal area are similar to 
those seen in the Cape area during a 20-year-period. 

In our series 82 per cent had uniocular involve- 
ment and 18 per cent binocular. In other reported 
series, dealing mainly with Caucasoid populations, 
bilateral involvement varied from 30 to 50 per cent-— 
for example, Carbajal (1958) 30 per cent, Jensen 
(1965) 30 per cent, Lommatzsch (1966) 59 per cent. 
Bilateral involvement was observed in 19:3 per cent 
of the 1760 cases on file in the Registry of 
Ophthalmic Pathology (Zimmerman, 1969). Thus it 
seems that binocular involvement in the Bantu is at 
the lower end of the scale of reported binocular 


incidence of the tumour. In a recent report dealing 
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with 61 cases of retinoblastoma (Devesa, 1975), 50 
were uniocular with a slight female preponderance. 

In this series, 65 per cent of the uniocular cases 
showed that the tumour had spread resulting in a 
poor survival rate. There appeared to be a direct 
relationship between the time of presentation and 
the histology of the tumour, late presentation being 
associated with more advanced anaplastic appear- 
ance of the tumour. Herm and Heath (1956) suggest 
that the longer the tumours are present before 
presentation the less differentiated they seem to be 
histologically. Carbajal (1958) showed that the 
fatality rate was less when the duration of symptoms 
before treatment was two weeks to six months than 
when duration was more prolonged. 

These observations seem to apply to this series 
in the Bantu and the anaplastic appearance in most 
of the Bantu cases was due to the longer existence 
of the tumour before presentation. ‘Tumours seen 
in the Bantu at a relatively early stage showed the 
presence of typical rosettes, thus the retinoblastomas 
do not appear to be more aggressive in the Bantu. 
No family history was obtained in any of the patients 
in this series, unlike other reported series in which 
family history varied from 11 to 44 per cent 
(Carbajal, 1958; Pieroni, Lashmet, and Helveston, 


1969). 
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Conclusions 


It would seem from this study that the incidence 
per live birth of retinoblastoma in the Bantu is 
higher than that reported in series dealing with 
Caucasoids or series not specifying race. 

The sexual difference is not significantly marked 
but there is a slight preponderance of males in the 
Bantu. 

The average age of presentation of 3 to 34 years 
corresponds well with that reported in other series. 

The severity of the tumour in the Bantu appears 
to be because of late presentation of the patient to 
the hospital. 

No family history was obtainable in any of the 
78 cases. 

Thus retinoblastoma in the Bantu is not an 
infrequently occurring tumour as has been reported, 
but is, in fact, more common than retinoblastoma 
reported in other series. Apart from the incidence, 
the pathological behaviour of the tumour in Bantus 
is very similar to that of retinoblastoma reported in 
other series most of which are predominantly in 
Caucasoid populations. 
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Lactate dehydrogenase isoenzyme pattern in the eye muscles 


Deviation in myopia 
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From the Department of Ophthalmology, University Medical School, Szeged 


Striated skeletal muscles consist of varying pro- 
portions of red and white fibres. These serve differ- 
ent functions according to their metabolic charac- 
teristics. Tonic contractions are mainly the function 
of the red muscle fibres, and rapid twitch move- 
ments that of the white. Their type of metabolism 
may be defined in terms of their lactate dehydro- 
genase (LDH) isoenzyme pattern. LDH isoenzymes 
in red muscle consist mainly of heart (H) type 
subunits, leading to aerobic metabolic paths, 
whereas those in white muscle are mostly of the 
muscle (M) type favouring only anaerobic routes. 


Materials and methods 


The LDH isoenzyme pattern in 46 extraocular muscle 
samples was determined. The samples were removed 
during surgery for squint on 40 otherwise healthy 
patients aged 6 to 15 years, The samples were grouped 
according to the refraction of the associated eye, the 
eye muscle from which they were removed, and the 
type of surgery (Table I) The histology of various 
parts of the samples was examined and all those in 
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Age No. of 
Diagnosis (years) samples 
Esotropia, Ere | n | go 

4-14 6 
Esotropia 6—14 11* 

§-13 6* 
Exotropia, alternating 6—12 4 
Exotropia, monocular amblyopia 6-26 8 


. *Five with uniocular amblyopia 


Table I Extraocular muscle samples investigated, grouped according to diagnosis, refraction, and origin 


—Z 





which tendon or perimysium predominated over muscle 
fibres were excluded. Lipids in the sections were 
visualized by oil-red-O or Sudan-black staining. LDH 
activity was measured by the reduction of the coenzyme 
NAD to NADH bound to LDH activity coupled with 
the transformation of leucotetrazolium into violet 
formazan. The solutions of reagents were the sarne as 
those used to stain gel-electrophoretic columns 
(Schrauwen, 1966). 

The LDH isoenzymes were separated by acrvlamide- 
gel electrophoresis, by the method of Davis (1964), on 
gel columns in pH 8-6 M tris buffer at goo V and 5 mA, 
Duplicate analyses were performed, and the isoenzymes 
were stained according to Schrauwen (1966) under 
optimal conditions determined by pilot experiments. 
The proportions of the isoenzymes were determined by 
scanning with a Chromoscan (loyce-Loebl) densito- 
meter, The proportions of the H and M type subunits 
were calculated from the percentage of the five iso- 
enzymes, taking into account the subunit content of 
each isoenzyme, according to the following: 


sum of H subunits, H = LDH, +} LDH, + $ LDH, 
+ } LDH: 

sum of M subunits, M = LDH, + 1 LDH, + 4 LDH, 
-+ 1 LDH. 


For comparing the isoenzyme values and subunit 





. Refraction Origin of sample Surgery 
Emmetropia Medial rectus Recession 
Emmetropia Lateral rectus Advancement 
Hypermetropia Medial rectus Recession 
Hypermetropia Lateral rectus Advancement 
Myopia Medial rectus Advancement 
( «-6:0D) | 
Myopia Lateral rectus Recession 
(between -o and 

-12:0D) 
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ratios in the muscles from eyes with different refractions 
the one sample t test was used. 


Results 


In sections of extraocular muscles from emmetropic 
eyes the orbital layer (away from the globe) stained 
heavily with oil-red-O or Sudan-black while that 
adjacent to the globe stained scarcely at all (Fig. 1). 

In both the medial and lateral rectus muscles 
of emmetropic and hypermetropic eyes the LDH,- 
and LDH,-type isoenzymes predominated, whereas 
in both the medial and lateral rectus muscles of 
myopic eyes the LDH, and LDH, isoenzymes were 
predominant (Fig. 2). Sample distributions of LDH 
isoenzymes and their proportions of subunits in 
medial rectus samples are shown in Table H., The 
proportion of M subunits in the LDH content of 
horizontal muscles of emmetropic and hyper- 
metropic eyes was higher than that of H subunits, 
while in myopic eyes the proportion of H subunits 
was higher (Figs 3 and 4). 

There was no significant difference between the 
LDH isoenzyme content of the medial and lateral 
rectus muscles of emmetropic eves, or between that 
of corresponding muscles of emmetropic and hyper- 
metropic eyes. On the other hand, the difference 
between the LDH  isoenzymes, and therefore 
between the proportion of subunits, of emmetropic 
and myopic eyes was significant (Table III). 





Discussion 


The two different layers of the extraocular eye 





FIG. 1 Cryostat section of human 
extraocular eye muscle sample. 
Orbital layer of muscle to left. 
Sudan black x 600 


muscles that our study demonstrated agree with the 
findings of Scott and Collins (1973) of two func- 
tionally distinct compartments, the inner fibres 
securing the rapid (twitch) movements and the 
outer (orbital) the tonic contractions. We suggest 
that the former, adjacent to the globe and without 
appreciable lipid content, represent the white 


ric.2 LDH 
isoenzyme patterns 
of (a) medial rectus 
of myopic eye, and 
(b) medial rectus 
muscle of 
hypermetropic eye 
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Table II Distribution of LDH isoenzymes and their subunit pattern in medial rectus muscle samples 





LDH isoenzymes (per cent) Subunit (ber cent} 














Refraction M MÀ M MÀ MÀ M e MÀ M HÀ -— 
LDH, LDH, LDH; LDH, LDH, M H 
Emmetropia 6-8 12:0 Igo aro 4r 69'3 307 
T5 130 18-0 21'7 40-0 68-5 315 
Hypermetropia — — 46:8 272 ako 69°7 303 
— — 48:8 202 310 FOS aos 
Myopia 385 28-5 21'0 12:0 — 26-5 mare 
. 370 28:6 21'0 13'4 —— 27:6 7274. 
"m Medial rectus muscle Lateral rectus muscle unless their myopia is fully corrected, do not see 


Emmetropic ] remote objects; convergence-impulse consequent 
on accommodation is rare. All these factors may 
result in partial atrophy of the white muscle 
fibres (Briskey, Cassens, and Marsh, 1970). 
Moreover, progressive inadequacy of the capillary 
network, characteristic of the myopic choroid and 
retina, may also affect extraocular structures, 
Hypermetropic including the eye muscles. The red muscle layer, 
with its richer capillary network, may survive, but 
the less vascular white muscle layer may succumb, 
leading to a predominance of undamaged red muscle 
fibres and H subunits. 


Per cent 











Medial Loteral | 
rectus muscle rectus muscie 





t 2 3 4 5 — | 2 3 4 $5 


FIG. 3 LDH isoenzyme distribution (per cent) in medial 

and lateral rectus muscle samples of emmetropic, 

hypermetropic, and myopic eyes. See Table I for number 
`of samples 


muscle component and the latter, the lipid-rich 
orbital fibres, the red muscle component of the 
extraocular muscle. 

This view is supported by the difference in the 
LDH isoenzyme pattern of the emmetropic- 
hypermetropic and the myopic extraocular eye 
muscles. The predominance of H subunits is | 
consistent with an absent or decreased demand for OG La IS d 
rapid movements. White muscles are known to E á " 
atrophy with inactivity, whereas red muscles do not. ric. 4 LDH, H and M subunits (per cent) in medial 
The effects of inactivity may be supposed to occur and lateral rectus muscle samples from emmetropic, 
in the extraocular eye muscles in myopia. The hypermetropic, and myopic eyes. See Table I for number 
excursions of the eye are reduced and myopes, of samples 
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Table III Statistical differences between LDH and subunit values in medial rectus samples of emmetropic 
eyes and other muscle samples of eyes with various refractions (one sample t test; P< o'057 significant, 
P>o-05=not significant) 


Medial rectus, emmetropic eye (8 samples) 





Sample and refraction (no. of samples) e À—— —— —— HÀ M ——————— 
LDH, LDH, LDH, LDH, LDH; H M 

Lateral rectus, emmetropia (6) ! NS NS NS NS NS NS NS 
Medial rectus, hypermetropia (11) NS NS NS NS NS NS NS 
Lateral rectus, hypermetropia (6) NS NS NS NS NS NS NS 
Lateral rectus, hypermetropia, amblyopia (5) NS NS NS NS NS NS NS 
Medial rectus, hypermetropia, amblyopia (5) NS NS NS NS NS NS NS 
Medial rectus, myopia (7) NS S NS S S S S 
Lateral rectus, myopia (8) NS S NS NS S S S 


POOO OSOENA OEEO E aana 
S = Significant NS = Not significant 


Summary predominated in the isoenzymes of the medial and 
lateral rectus muscles of emmetropic and hyper- 
metropic eyes, whereas heart type subunits pre- 
dominated in those of myopic eyes. 


: The lactate dehydrogenase isoenzyme patterns in 

Ds 46 extraocular eye muscle samples removed at 

QUY surgery for squint were determined by acrylamide- 
gel electrophoresis and reduction of NAD coupled We thank K. Boda for mathematical analyses and 
with formazan reaction. Muscle type subunits E. Jéjart for technical assistance. 
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Uveal colobomata and Klinefelter syndrome 


M. S. HASHMI and A. G. KARSERAS 


From the University Department of Ophthalmology Welsh National School of Medicine 


Most multiple congenital abnormality syndromes 
associated with uveal colobomata have their origins 
dating from before intrauterine development. 
Causative genetic and chromosomal influences were 
reviewed (James, Karseras, and Wybar, 1974), but 
associated abnormalities of the sex chromosomes 
were not observed in their series and are a rare 
occurrence in the literature. It is of interest there- 
fore to record uveal colobomata occurring in a 
patient with Klinefelter syndrome and to discuss 
the possible implications. This association has not 
been recorded in Britain previously. 


Material and methods 
CASE REPORT 


A 17-year-old White youth presented with concern 
about the lack of development of his external genitalia. 
Bilateral iris colobomata had been noted at birth and 
he had attended an ophthalmologist from that time. He 
had been wearing contact lenses for three years. 

The parents were unrelated and there was no family 
history of ocular abnormality. Examination of both 
parents revealed normal eyes. The father and mother 
were both 45 years old at the time of his conception. 

There was one normal brother, three years older, and 
the mother had had a diagnostic x-ray of the pelvis 
during the pregnancy of this child. 


CLINICAL FINDINGS 


The patient was of normal intelligence, pleasant 
personality, and heavily built (Figs 1 and 2). He weighed 
79:3 kg and was s ft 8} in (175 cm) in height. He did 
not shave and had a high-pitched ‘unbroken’ voice. 
Axillary hair was scanty and pubic hair had a female 
distribution (Fig. 3). There was a mild gynaecomastia 
(Fig. 2). The penis was 6 cm in length, the testes 2:5 cm 
(Figs 3 and 4). Hormonal investigation revealed a 
pattern characteristic of late Klinefelter syndrome: 
Plasma testosterone 167 mg/1oo ml (normal 300 to 
1200 mg/10o ml) 
Plasma follicle stimulating hormone 19 units/litre 
(normal s to 10 units litre) 
Plasma luteinizing hormone 22:5 units/litre (normal 
s to 10 units litre). 


Address for reprints: A. G. Karseras, University Department of 
Ophthalmology Welsh National School of Medicine, Heath Park, 
Cardiff CF4 4XN 





FIG. 1 The patient 





FIG. 2. Photograph showing physique of patient 
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FIGS 3 and 4 Photographs showing underdeveloped genitalia 


OPHTHALMIC FINDINGS 


A right alternating divergent squint was present. There 
were bilateral colobomata involving the iris and choroid 
(Figs 1 and s) Although the choroidal colobomata 
did not quite extend to the optic discs, both discs were 
abnormal. The right disc and approximating colobomata 
are shown in Figs 6 and 7. Corrected visual acuity with 
-2:5D contact lenses was 6/36 right eve and 6/9 left. 


CYTOGENETIC FINDINGS 
The chromosomes of lymphocytes of a 72-hour peripheral 
blood culture were examined. One hundred satisfactory 
metaphase spreads were counted. In 98 cells there were 
47 chromosomes (Fig 8). The extra chromosome 
belonged to the C group, and was identified as an 
X-chromosome by the trypsin Giemsa banding technique. 
Two counts revealed 46 chromosomes, one was minus 
a G-group chromosome (? 46 XX) one was minus a 
C-group chromosome (? 46 XY). These were felt to 
be due to random loss rather than mosaicism. 


Discussion 


The association of Klinefelter syndrome and uveal 





colobomata has been recorded previously (François, 
Matten-Van Leuven, and Gombault, 1970). It is a 
rare association but these authors recorded the 
fourth case in the literature, and after reviewing 
the incidence of uveal colobomata and Klinefelter 
syndrome as separate entities, they concluded that 
the probability of a chance association was in the 
region of one in six million. They felt that the 
coloboma might occasionally be part of the pheno- 
typic expression of Klinefelter syndrome. The 
association of two preuterine induced conditions 
(see below) enhances the view that this is not a 
chance association. 

The theoretical possibilities which might explain 
the association of uveal colobomata with Klinefelter 
syndrome are: 

1. The mother may have been a carrier of the 
X-linked gene for uveal colobomata, and the 
patient may have been homozygous for this 
gene (X™'X Y), However, there was no family 
history of colobomata in the mother's family and 
the other manifestations of this X-linked gene 
(Goldberg and McKusick, 1971) such as mental 


FIG. 5 Photograph showing 
bilateral colobomata involving 
the trides 





FIGS 6 and 7 


retardation were absent. Furthermore, only ro 
per cent of Klinefelter patients have identical X 
chromosomes from the mother (Hamerton, 1971). 

2. The extra X chromosome may occasionally 
influence the genetic mechanisms involved in the 
closure of the optic cleft. This theory is supported 
by the known quantitative effect of heterochroma- 
tin on cell growth and development (Mittwoch, 
1967) and the association of other closure defects 
with diverse chromosomal aberrations. 

3. The environmental influence which oc- 
casioned gametogenetic non-dysjunction may also 
have had a mutogenic effect on the genetic mech- 
anisms involved in the closure of the optic cup. 


HR 
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FIG. 8 Cytogenetic findings 





The right dise and approximating colobomata 
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Either of the last two possibilities would explain 
the occasional but not fortuitous association of uveal 
colobomata with Klinefelter syndrome. 

The chromosomes of the patient have been shown 
to be XXY. Forty per cent of such patients have the 
extra chromosome derived from non-dysjunction 
of the male parent during spermatogenesis. In so 
per cent of patients both (non-identical) X chromo- 
somes are derived from the mother indicating that 
non-dysjunction must have occurred during the 
primary division of oogenesis (Hamerton, 1971). 
In the 10 per cent of Klinefelter patients with 
identical X chromosomes from the mother, non- 
dysjunction could have occurred during the second 


rd 


4——3 


M — AN WC Ab AS 84 WC 


N88 88 ^j 7 


12 


17—18 i9——20 












664 British Journal of Ophthalmology 


meiotic division of oogenesis or early after zygote 
formation. In the latter instance mosaicism would 
be produced and the non-viable X O cell line would 
leave an XXY constitution, (François and others 
(1970) had to consider the possibility of a post- 
zygotic origin in their case as an apparent mosaicism 
was present. If the mosaicism was not a cultural 
artefact, their acknowledged possibility of the 
mosaicism arising from an imbalanced gamete 
would seem most likely.) 

Thus over go per cent of Klinefelter syndromes 
have an established preuterine origin. These studies 
have been undertaken by investigating the distribu- 
tion of the dominant X-linked blood group (Xg) 
in the parents and the child. Unfortunately, both 
parents of our patient were Xg negative and the 
parental source of the extra X chromosome could 
not be ascertained. However, it remains extremely 
likely that the patient exhibits yet another example 
of the association of a preuterine induced, congenital 
syndrome with the uveal colobomata. 

It 1s of interest to discuss the environmental 
influences which have been alleged to cause uveal 
colobomata during early pregnancy. Cullen (1964) 
described uveal colobomata usually with major limb 
dysgenesis, occurring as a result of thalidomide. 
In the absence of a definite thalidomide history 
(Cullen, 1964—Case 2) major limb defects have 
been taken as presumptive evidence of a thalidomide 
origin. However, such defects occurred before the 
advent of thalidomide (Gilkes and Strode, 1963; 
Case 7-—-Table I) and limb abnormalities have 
often been described in systemic syndromes 
associated with uveal colobomata (James and 
others, 1974). Many of the series of patients with 
limb defects and uveal colobomata reviewed by 
Cullen (1967) may not be attributable to thalido- 
mide; and Case 2 (Table III) particularly fitted all 
the clinical criteria for the 'oculo-anal' syndrome 
and the absence of thalidomide was notable. The 
'oculo-anal' syndrome has been shown to have an 
abnormal chromosomal complement (Schachen- 
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It may be, as Cullen (1967) suggested, that 
thalidomide acts primarily not as a teratogenic 
agent, but in an immunosuppressive capacity and 
allows normally aborted pregnancies to proceed to 
term. Such abortions often have chromosomal 
abnormalities (Howard, Boué, Deluchat, Albert, 
and Lahov, 1974). It would be interesting, therefore, 
if chromosomal studies could be undertaken on 
thalidomide babies, particularly those with colobo- 
matous defects. 

The occasional reports of infections, such as herpes 
simplex during pregnancy, as a cause of uveal 
colobomata may be chance associations and remain 
to be substantiated (Fraser and Friedmann, 1967). 

The likelihood is that very few uveal colobomata 
have their primary origin during embryogenesis, 
and that most arise from inherited genetic, sporadic 
(mutational) genetic, or chromosomal abnormalities 
during spermatogenesis and oogenesis. Inquiry 
into possible environmental agents must therefore 
include these periods of gametogenesis in the male 
and female as well as the period of intrauterine 
development of the fetus, 

Treatable endocrine dysgenesis occurring in 
syndromes where uveal colobomata can occur has 
been emphasized previously (Karseras and 
Laurence, 1975). The present patient has suffered 
great emotional trauma from his defective gonadal 
development. Fortunately, much of the abnormality 
of his primary and sexual development is reversible 
with the administration of testosterone. Sterility, 
but not impotence, will persist. Earlier diagnosis 
would have removed much of the patient’s concern. 


We thank Dr Ruth Sanger for establishing the Xg 
blood groups in this study, Dr Peter Harper for his 
helpful criticism of genetic concepts, and Mr Selwyn 
Roberts for undertaking the cytogenetic analysis. We 
are grateful to Dr J. Picton Thomas for his permission 
to publish this case and for his helpful discussion of the 
endocrine features. 
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Causes of blindness among students in 
- blind school institutions in a developing country 


MOSES C. CHIRAMBO ann DAVID BENEZRA* 
From the Department of Ophthalmology, Queen Elizabeth Central Hospital, Blantyre, Malawi 


Genetic factors are the main causes of childhood 
blindness in developed countries (Sorsby, 1966; 
Fraser and Friedmann, 1967; Merin, Lapithis, 
Horowitz, and Michaelson, 1972; Goldstein, 1972). 
In developing countries infections as causes of 
blindness in childhood outnumber the genetic 
factors (Rodger, 1959; Phillips, 1961; Wilson, 
1962; Olurin, 1970). Malnutrition in these countries 
resulting in xerophthalmia and keratomalacia is 
also an important cause of blindness (Awdry, Cobb, 
and Adams, 1967; WHO Chronicle, 1973). 

Since the early 1960s the Eye Department of the 
Hadassah Hebrew University Hospital in Jerusalem 
has been sponsoring the ophthalmological care in 
many African countries (Michaelson, 1972). In 
Malawi sponsoring started in 1965. After 10 years a 
study was undertaken in order to evaluate the causes 
of blindness in the past, the current causes of blind- 
ness, and to assess the expectations for the future. 

We report here a retrospective study on the 
causes of blindness as presented by students in 
blind school institutions all over Malawi. 


Patients and methods 


'Two hundred and seventy students attending 17 blind 
'school institutions were examined. The location of these 
schools is shown in the Figure. Admission to them is 
non-selective and depends on the number of vacant 
places available at the time of application, However, 
the following conditions play a role as selective factors. 
(1) Owing to tradition and culture fewer females than 
males apply. Therefore the relative proportion between 
sexes in this study does not reflect the real situation. 
(z) Blindness due to causes that may influence the hfe 
expectancy will not be found and their contribution to 
‘all’ causes of blindness will not be shown in this study. 
(3) Admission to the blind schools is generally at the 
age of 4 to 6 years, therefore most cases will represent 
mainly the causes of blindness in childhood. 

The criteria for admission to the blind school institu- 


This work was supported by the Ministry of Health, Malawi, and 
the Jerusalem Institute for the Prevention of Blindness, Jerusalem, 
Israel 
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tions are good health and sight of 1/60 or less in the 
better eve. Until this study this selection was arbitrarily 
performed by the teachers of the schools or the medica! 
assistant. The students were not examined by an 
ophthalmologist before admission. We think that the 
students in these institutions represent an adequate 
picture of the main causes of childhood blindness in 
Malawi in the past. 

We examined all students attending the above schools 
during the period from June to December 1975. The 
examination included a testing of visual acuity, external 
examination, tonometry, and ophthalmoscopv. These 
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were performed in the school, When necessary, doubtful 
cases needing further investigation were referred to the 
eye department of the Queen Elizabeth Central Hospital 
in Blantyre. Histories were obtained from the patients, 
school records, and, when possible, from relatives or 
parents, 


Results 


Seventy-three per cent of the students lost their 
vision before the age of three. Only 15:9 per cent 
were blind after the age of six (Table I). Ocular 
infections were responsible for 73:2 per cent of all 
cases of blindness. Measles was the underlying 
factor in 43:7 per cent, while smallpox was found 
in $:2 per cent (Table II). A history of ocular 
infection (most probably bacterial), including 
ophthalmia neonatorum, was obtained in 26:3 per 
cent. In most of these cases a history of use of 
traditional medicine was obtained. Practically none 
of these cases was examined in the acute stage bv 
an ophthalmologist or an ophthalmic assistant. The 
extensive scarring along with the symblepharon 
seen in many cases was most probably due to the 


Table I Age at onset of blindness among 270 


























students 
Male Female Total 
Age (years) No, of — Per No. of Per No. of Per 
CASES cent Cases cent CASES cent 
«1 25 073 8 37o 33 23 
1—3 110 407 54 20°0 164 6o7 
4-6 23 8:5 7 2°6 30 ier 
> 36 133 7 26 43 15:9 
Total 194. ;1:8 76 28-2 270 100 








Table III 


Aetiology and suggested intervention in 
37 blind students having some hope of partial 
recovery of vision 





Noa. af 
Diagnosis Aetiology cases Suggested intervention 
Measles g* Corneal grafts 
Total leucoma cornea Bacterial | 
infection 5 Corneal grafts 
Smallpox 1 Corneal grafts 
Measles 5 Optical iridectomy 
Leucoma centralis Bacterial 
adherens infection 4 Optical iridectomy 
Smallpox 2 Optical iridectomy 


Aspiration of lenses 
Refraction 


Congenital cataract Hereditary 5 
2 


Hereditary 
Aspiration of lenses 


Complicated cataract Unspecified 1 


Corneal dystrophy Hereditary l Corneal graft 


Refraction 

STALE ET TEI IE ERLE ER EIEN POLE AAT RIC TEES UMEN RU ETE PUDE A O CR EE A EC CON GEN SA E UC HR ao PL UE CR E KE RN EK 

*Any patient having some hopes for recovery of vision, at least in 
one eye, was considered as one case 

TÍn these two cases lenses were aspirated previously. However, as 
they were not provided with glasses they were considered as blind 
(see also Table IV) 


High myopia (albino) Hereditary — i 


aggravating effect of the instillation of the traditional 
medicine. Hereditary causes were found in 21 cases 
(7:8 per cent). Congenital cataracts were responsible 
for 2:6 per cent while optic atrophy of unknown 
cause was found in eight cases (3:0 per cent). The 
prevalence of microphthalmos and macular de- 
generation was 1°5 and o'y per cent, respectively 
(Table Il) Forty-six cases (17-0 per cent) were 
classified as 'unspecified' as the cause of the blind- 
ness was unknown. In some of these a history was 
impossible to obtain. 


Table Il Causes of blindness according to age and sex in 270 students 
EEATT QUBANUNERBDDNRUDBURULENUUNOUNULURDBDUAMURIBLRERIAVERRUHIHEREIURA ARROZ RAUDUAAMUENMQAALDUDUOPUANNIBANUHUHUBMURUNLAULEDUNLURUSDARURURERERPIRUTEUTUUEHARHDURDURENURPT UO AAEE aAA EEAO RRA 


Age (years) 
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Causes ro II—I135 16-20 20 Total 
Male Female Male Female Male Female Male Female No. Per cent 

Measles* 23 19 32 17 16 4 2 — 118 43'7 
Smallpox* — — 6 3 2 1 2 — 14 52 
Bacterial infections* 4 3 20 6 16 2 20 — 71 26:3 
Congenital cataract 2 1 I I I — I — 3 2:6 
Microphthalmos —— 2 — 1 1 — — — 4 vs 
Optic atrophy — I 3 — 1 — 3 — 8 30 
Macular degeneration — — — — — — 2 oe 2 07 
Unspecified 11 6 9 3 7 — 8 — 46 170 

Total 42 32 71 33 44 19 v 270 1000 


Measles was implicated as a cause of blindness in each case where a history of blindness after measles infection was obtained 


39 





Smallpox was implicated as a cause of blindness in each case where a history of blindness after smallpox infection was obtained 
Bacterial infections were implicated as a cause of blindness when a history of ocular ‘infection’ without any systemic involvement was obtained 


*Most of these cases used local medicine as the first attempt for treatment. Some of them sought treatment in hospital at a later stage 
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“Table IV Resulting visual acuity after intervention in 11 cases 


Visual acuity Visual acurty 





F l before after 
- Diagnosis Aetiology intervention Intervention intervention Comments 
Right Left Right Left 

Leucoma adherens 
_ right eye Measles PL --* Opticaliridectomy 1/240 — Vitreous organization 
Leucoma adherens 

both eyes Measles 1/60 PL Optical iridectomy 6/24 HM Vitreous opacities left eve 
Leucoma adherens 

both eyes Measles 1/60 2/60 Optical iridectomy 6/60 6/36 
Leucoma adherens 
| right eye Measles 1/120 —* Optical iridectomy 4/60 — 
Leucoma adherens 

both eyes Smallpox PL 2:60 Optical iridectomy HM 6.18 Cataract right eve 
Leucoma adherens Bacterial 


both eyes infection PL PL Optical iridectomy 6/60 HM 


Complicated cataract Unspecified PL PL Aspiration PL PL  Retrolental organization 
both eves 

Congential cataract Hereditary 2/60 1/60 Refraction 360 660 State after aspiration 
both eves} 

Congenital cataracts Heriditary 1/60 1/60 Refraction 4/60 4/60 State after aspiration 
both evest 

Congenital cataracts Hereditary PL PL Aspiration 4/60 4/60 

Congenital cataracts Hereditary PL PL Aspiration 4/60 4/60 








*Phthisis bulbi PL = perception of light 


HM = hand movements 


Tin these two cases lenses were aspirated previously. However, as they were not provided with glasses they were considered as blind (see 


also Table ITE) 


Among the 270 students examined we found 
that 37 cases (1377 per cent) should have a trial of 
surgical intervention (Table IIT). Eleven patients 
were surgically treated; nine of them regained useful 
vision (Table IV). We estimated that a further 26 
cases could be similarly helped. 


Discussion 


Measles as a cause of blindness was found in 43:7 
per cent of the cases in our study. Earlier surveys 
in Zambia incriminated this virus as a cause of 
blindness in 8r3 per cent (Phillips, 1961). 
Traditional medicine is still widely used in Malawi, 
although to a progressively less extent. 'Fresh' 
cases presenting after the instillation of some 
traditional medicines often give a picture of acid or 
alkaline burn. During a period of a few months 
we saw 30 cases where both corneae were 
destroyed and uvea prolapsed as a result of the use 
of traditional medicine for the treatment of bilateral 
ocular infection. The best outcome in these cases 
is a total vascularized leucoma or a large anterior 
^; staphyloma, and the worst (unfortunately the most 
. common) phthisis bulbi (Chirambo and BenEzra, 
to be published). 


Despite the widespread use of traditional medicine. 







^. and its still. important role. 





in the induction of 


childhood blindness in Malawi, the high frequency 
of blindness due to infectious agents (plus tradi- 
tional medicine) as found in this study and in 
that of Merin (1967) has dropped drastically 
during the last ro years. From an incidence of 
at least 300 blind children per roo ooo in the 
early 1960s the incidence has dropped to 34 cases 
per ioo ooo children under five vears of age 
(BenEzra and Chirambo, to be published). 

We evaluated 13:7 per cent of the blind students 
as having some chances of partial recovery of vision. 
A preliminary attempt has shown that in nine cases 
out of 1: treated a useful vision of 4/60 to 6/18 in 
the better eye has been restored. This vision will. 
enable most of these patients to conduct a normal 
life. Clearly, any future applicant to the blind 
school institutions should be examined by an 
ophthalmologist before admission. 


Summary 


Out of 270 students in 17 blind school institutions 
in Malawi 73 per cent were blind before the age of 
three. The most common cause for the blindness 
was ocular infection (75:2 per cent). Measles, as a 
single cause, was responsible for 4377 per cent of 
the cases and smallpox for 5-2 per cent. Bacterial 


. infections were incriminated in 26:3 per cent of the 
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cases. Most of these had received traditional 
medicine during the acute phase of the disease. 
Hereditary factors as causes of blindness were 
found in 7:8 per cent of the cases. These included 
congenital cataracts (2:6 per cent), optic atrophy 
of unknown origin (3:0 per cent), microphthalmos 
(r'5 per cent), and macular degeneration (0:7 per 
cent). 

Careful ophthalmological examination showed 
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Book reviews 


Advances in Ophthalmology, vol. 32. Edited 
by E. B. Strierr. 1976. Pp. 203, 52 figs, 28 tables, 
refs. Karger, Basel ($49:25) 


Like several of its predecessors in this series, this book 
comprises a collection of articles on a variety of subjects. 
Three papers deal with contact lenses: Aquavella 
reviews the present role of hydrophilic lenses and 
provides a comprehensive list of references; there is a 
short paper by Enoch on the use of soft lenses, together 
with a list of inverted telescope units used in the 
correction of uniocular aphakia. The third is a longer 
paper by Gernet on the value of combined contact lens 
correction for unilateral aphakia which has advantages 
over the more conventional type of aphakic correction, 
and the optical principles underlying this type of lens 
prescription are dealt with in depth. 

There is an interesting article by Tenner demon- 
strating the value of fluorescein angiography in the 
study of the glaucomatous optic disc, although the 
author concedes that the technique is not suited to 
routine diagnosis. 

In the remaining two papers there is a discussion on 
pneumatonography by Langham, Leydhecker, and their 
associates as part of a collaborative study between centres 
in Baltimore and Wurzburg. 'The studies investigated 
postural changes in intraocular pressures which show 
significant differences in normal and glaucomatous eyes. 

The last article by Zingirian discusses ocular pem- 
phigus with several case presentations describing the 
disease and its treatment. 

The criticism that has been levelled against this 
series still applies. Although there is no question of the 
high standard of the individual contributions, particu- 
larly in this volume, each subject is very specialized and 
therefore the book is likely to have only a limited appeal. 
Sadly also, the fact that three of the six articles are in 
German, restricts the amount of information that can 
be derived by the average English-speaking ophthal- 
mologist. T. J. FFYTCHE 


Advances in Uveal Surgery, Vitreous Surgery, 
and the Treatment of Endophthalmitis. By 
G. A. Peyman, D. R. Sanpers, and M. F. 
GOLDBERG. 1975. Pp. 238, figs, tables, refs. 
Appleton Century-Croft, New York (No price 
given) 


At a time when a number of instruments have become 
available for vitreous surgery and the development of 
this method of treatment is being actively pursued, it is 
of particular interest that a book should be published in 
which a large section is devoted to vitreous surgery, 
including a description of the use of an instrument 
developed by one of the authors. 


. The chapters on uveal and vitreous surgery start with 


a short consideration of the anatomy of the respective 
Structures and with a discussion of the diseases. In 





considering uveal surgery attention is largely devoted 
to management of malignant melanomata of the iris, 
ciliary body, and choroid. Modern techniques of 
conservative treatment are fully discussed. In the 
chapter on vitrectomy the use of the vitrophage for 
lensectomy and in the treatment of vitreous disease 
is considered in sufficient detail to provide the reader 
with adequate practical information about the techniques. 

The last section is devoted to the treatment of 
endophthalmitis. Several antibiotics are described and 
the more important ones are discussed with particu- 
lar reference to their effectiveness when given by the 
intravitreal route. The duration of their activity and 
possible toxic effects are also discussed. This chapter 
is particularly valuable for the detailed manner in which 
each drug is considered. The technique of intravitreal 
injection, an important factor in avoiding adverse effects, 
is fully described. 

Each section of the book includes a full and up-to- 
date list of references. The text is well illustrated and 
the pictures have excellent captions. 

This is a book which is written by authors who have 
practical experience in the fields of which they write. 
It should make equally helpful reading for both the 
postgraduate student and the practising consultant. 

JAMES R. HUDSON 


The Changing Status of the Blind from 
Separation to Integration. By B. LowEkNFELD. 
1975. Pp. 336, figs, tables. Thomas, Springfield 
($23:50) 

'This book traces the care of the blind from earliest times 
to the present day. Among primitive peoples, the blind, 
like other physically handicapped persons, were often 
killed. Many famous people in early times were blind, 
including Homer, but a large proportion of blind 
persons had to sustain themselves by begging. In early 
Christian times blindness was regarded as a punishment 
for some misdemeanour and was in fact inflicted as a 
punitive measure in some cases. The family looked after 
their blind persons. The Jewish people always tried to 
mitigate the bitter fate of the blind. During the Middle 
Ages hospitals for the blind were opened in Europe 
and some public responsibility for their care became 
manifest. In the seventeenth century some blind 
individuals acquired education and showed outstanding 
achievements in various fields of endeavour, Provision 
of work for the blind came to be recognized as necessary 
and there was some advance in the means of com- 
munication among the blind. The first school for 
blind children was founded in 1784 by Valentin Härg. 
Raised print was introduced and was useful in teaching, 
and this school prepared blind children for employment. 


. The introduction of an embossed dot alphabet by Louis 


Braille was a great advance. Many new schools for the 
blind were opened in the early nineteenth century. 
The next stage evolved as a recognition that blind 
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people must be given equal opportunities to those of 
the sighted, and it is contended that this has now been 
achieved in the United States of America. In about 1830 
three private schools for the blind were opened in the 
United States, and in general these followed the pattern 
of those already working in Europe. The first director 
of the Perkins Institution in Boston was Samuel Gridley 
Howe who did much to integrate the blind into the life 
of the general population. He was responsible a few 
vears later for the opening of the first state school for 
the blind in Columbus, Ohio. Craft training was very 
important in these early blind schools, and has continued 
to be an essential part of blind training. Some blind 
people lived and worked in blind institutions. and 
finished their lives in homes for the aged blind. As time 
passed the blind were encouraged to live and work 
independently and not only by handicrafts. The 
importance of a family life for the blind is now receiving 
great attention, A. G. CROSS 


Diagnostic Ultrasonics: Principles and Uses 
of Instruments. By W. N. MCcDICKEN. 1976. 
Pp. 320, figs, tables, refs. Granada Publishing, 
St Albans (£15) 


Although Dr McDicken is a hospitai. physicist he ts 
accustomed to teaching doctors and radiographers and 
his book is designed to meet the needs of a similar 
readership. Two radiologists taking up ultrasonic work 
vouch for the suitability of the book for beginners. 

Only a small proportion of the book is relevant to 
ophthalmology and the eight entries in the index under 
eye refer to very superficial accounts, apart from a 
paragraph on transducers in eye work. 

With the increasing acceptance of ultrasonic diagnosis 
a book of this type is very suitable for hospital libraries 
and ophthalmologists should support its purchase. For 
their own use, however, their money would be better 
spent on one of the books on ultrasonography in 
ophthalmology. DOUGLAS GORDON 


Essentials of Clinical Neuro-Ophthalmology. 
By A. H. WoriNTZ. 1976. Pp. 198, figs, tables, refs. 
Little Brown, Boston (312-50) 


The aim of this book is to introduce the commoner 
neuro-ophthalmological problems to ophthalmologists, 
neurologists, and neurosurgeons who are beginning their 
specialty training; as such it succeeds admirably. Any 
book of this type is bound to be incomplete in detail 
although the author overcomes this by the liberal use 
of lists, some of the contents of which may not be 
included in the text. The bias of several sections is 
unduly weighted by this incompleteness—for example, 
chiasmal lesion is the only cause for changes in re- 
fraction mentioned. 

The layout of the book is good but the construction 
of each chapter and section is often not completely 
clear mainly because of the large amount of information 
that the author succeeds in including. The few diagrams 
are clear, and there is a carefully selected bibliography 
for those whose enthusiasm has been excited by this 
useful and concise book. DAVID TAYLOR 


processing of spatial details and temporal factors by 





Handbook of Perception, vol. V, Seeing. Edited 
by E. C. CanrERETTE and M. P. FRIEDMAN. 1975. 
Pp. 527, figs, tables, refs. Academic Press, London 
and New York ($28-50) 


'This book on visual perception is part of a multi-volume 
treatise concerning human perception. It is written 
mainly for psychologists and perhaps natural scientists 
in general. Contributions to ophthalmology appear to 
be negligible. Altogether 11 authors have contributed 
12 chapters on subjects ranging from the history and 
contemporary theoretical problems of research into 
seeing to painting and photography, sandwiching the 
measurement of visual stimulus, the neural basis of 
seeing, temporal and spatial resolution, and the percep- 
tion of pattern, colour, space, and motion. 

The arrangement and the choice of the chapters 
throughout the book is somewhat arbitary and there is 
no synchronized theme running through the different 
chapters dealing with similar and related subjects. For 
example, the chapter by J. G. Robson dealing with the 
receptive fields of cells in the visual nervous system 
consists of a somewhat dogmatic review of the literature 
and the visual system is viewed as a spatial frequency 
analyser with modest capabilities. This is completely 
divorced from the chapter by J. P. Thomas dealing with 
the psychophysics of spatial resolution in human 
subjects with attempts to interpret this in terms of the 
receptive field organization of cells in the nervous system, 
Similarly, the chapter by R. L. and K. K. De Valois 
provides a comprehensive review of studies on the be- 
haviour of colour-coded cells in the visual system and 
its relationship to the psychophysics of colour vision, 
but is completely divorced from the chapter by R. M, 
Boynton which deals with the physical, psychological, 
and physiological basis of colour, hues, and wavelengths. 

The chapters dealing with temporal factors by L. 
Ganz, spatial factors by J. Thomas, three-dimensional 
depth and space factors in seeing by W. Richards, and 
also somewhat abstruse phenomena of pattern and 
object perception such as ‘perceptual constancies’ and 
‘illusions’ by P. C. Dodwell take a basically bioengineer- 
ing approach to these subjects, 

The chapter on the measurement of the visual stimulus 
by Y. Le Grand includes much theoretical detail of the 
physics of light and radiometric concepts but fails to 
give more practical information about different types of 
visual stimuli and the methods of measurement required 
in research on seeing. 

‘The chapter by P. C. Dodwell on contemporary 
theoretical problems comes to terms with the fact that 
there is still a wide gap between our understanding of 
perception and our ever increasing knowledge about the 
neurophysiology of the visual system. This view is 
shared by the authors of some of the other chapters. 
However, the present impetus to research on seeing 
appears to be coming from recent neurophysiological 
studies of the nervous system as is evident from the fact 
that practically all the chapters attempt to correlate 
perceptual phenomena with recent neurophysiological 
data. An excellent example is the chapter by R. Sekular 
on visual motion perception which emphasizes the 
recent neurophysiological evidence on the parallel 























two different classes of neurones in the afferent visual 
nervous system, and integrates this with well defined 
and controlled psychophysical experiments on pattern 
and motion. 

'The book begins with a chapter by Y. Le Grand on the 
history of research on seeing and ends with a chapter 
by M. H. Pirenne on vision and art. These two chapters 
are the most refreshing and readable chapters in the 
entire book. However, the reader who may have started 
with the hope of arriving at a clear picture of the results 
of many years of research on seeing will be left within 
a pool of detailed, conflicting, and poorly organized 
data. 

A list of references at the end of each chapter may 
provide a useful source, though the choice of the 
references is always influenced by the personal views of 
each author. H. IKEDA 


Principles and Practice of Optical Dispensing 
and Fitting, 3rd ed. By L. S. SASIENI. 1975. 
Pp. 589, figs, tables. Butterworth, London (£15) 


This book covers a wide scope and there is a comprehen- 
sive survey of materials and types of frames, but out-of- 
date photographs have been used. 

'The chapters on rules and facial measurements are 
enlightening for learners for whom this book is primarily 
written, and the revision sections at the end of chapters 
are useful. 'T'he survey of lenses available is comprehen- 
sive and a chapter on vision screeners is welcome. 

'The price, however, puts this edition in the category 
of a book to which a student would refer, but not 
necessarily be able to purchase. J. A. MORRIS 


Rational Diagnosis and Treatment. By H. R. 
Wu ter. 1976. Pp. 182, 25 figs, 18 tables, refs. 
Blackwell, Oxford (£375) 


As the author states in his introduction, the aim of this 
book is to emphasize that clinical decision-making must 
be as rational as possible, and to that end the doctor 
should have a clear idea of the reliability of the data 
obtained from the medical history, physical examination, 
and laboratory tests as well as the process by which a 
diagnosis was made so that suitable treatment can be 
selected. Although the examples are largely drawn from 
 gastroenterology, the critical approach to the decision- 
making process is applicable in any clinical field. 

Of necessity, statistical evaluation is given prominence, 
but the clear explanation of the methods used should 
not deter the non-mathematical reader. The chapters on 
diagnosis and the assessment of new diagnostic methods 
are particularly interesting, and if the critical approach 
outlined in this book were more widely adopted, patients 
would be spared many uncomfortable and expensive 
investigations, The evaluation of treatment, particularly 
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the interpretation of reports of chnical trials is well 
discussed, and the importance of controlled therapeutic 
trials emphasized. All clinicians will find this book 
stimulating and interesting. E. 8, PERKINS 


The Squinting Child. By R. Bruckner. 1976. 
Pp. 78, 20 figs. Schwabe, Basel and Stuttgart (18 fr) 


'This small book is designed to inform parents, nurses, 
social workers, and teachers about the problem of 
squints. The anatomy and physiology of the visual 
apparatus is described in simple terms with the aid of a 
few diagrams. The pathogenesis of squint and the 
non-surgical and surgical methods of treatment are 
discussed. This is an unpretentious book, demanding 
little knowledge and providing useful information for 
those concerned in school clinics and in social work 
among children. T. J. FFYTCHE 


Techniques of  Anophthalmic Cosmesis. 
Edited by P. Gumor and M. Gursor. 1976. Pp. 
232, figs, refs. Stratton, New York (No price given) 


This is one of the first textbooks to be almost totally 
confined to the techniques of an ophthalmic prosthesis. 
Of especial interest will be those techniques described 
in congenital anophthalmia and the modifications to the 
moulded prosthesis to correct ptosis sulcus retraction 
after enucleation. Some surgical techniques are described 
but, in most instances, these are brief and help to em- 
bellish the text; I hope that at some future date a text 
entirely devoted to the prosthetics will become avail- 
able. It would appear that the technique of enucleation, 
evisceration of the eye and orbit has been neglected; 
as an end procedure this has special relevance to the 
younger person and his future life in society and is 
therefore important. MONTAGUE RUBEN 


Vision and Acquisition: Fundamentals of 
Human Visual Performance, Environmental 
Influences, and Applications in Instrumental 
Optics. By I. Overington. 1976. Pp. 380, figs, 
tables, refs. Pentech Press, London (£14) 


This book gives a detailed mathematical and physical 
account of the factors which modify vision, As only 
some 6 per cent of the account relates to the basic 
properties of the human visual system, it has but limited 
interest for ophthalmologists. 

However, it is of great value, firstly to those engaged 
in the design of optical instruments, and secondly, to 
those interested in the factors which affect visual 
perception under difficult viewing conditions, such as 
object movement and atmospheric turbulence. 


R. FISHER 
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Aqueous humour lactic dehydrogenase isoenzymes in retinoblastoma 


TO THE EDITOR, British Journal of Ophthalmology 


SIR, Since submitting our paper for publication, we 
have become aware of additional relevant information 
we wish to bring to your attention. 

We have had the opportunity to study two patients 
whose aqueous humour assays are at variance with our 
previously-reported findings. One patient, with histolo- 
gically proved retinoblastoma had a total aqueous 
humour LDH of 2303 iu/l and a ratio LDH,: LDH, of 
only 1-9. The other patient, with bilateral congenital; 
non-rhegmatogenous retinal detachment and no retino- 
blastoma, had total aqueous humour LDH levels of 194 
and 19, and ratios LDH;: LDH, of 24 and 30. 

A recent paper (Swartz, Herbst, and Goldberg, 1974) 
supported the original hypothesis of Dias, Senthe 
Shanmuganathan, and Rajaratnam (1971) that retino- 
blastoma is associated with an elevated total aqueous 
humour LDH, and referred to a paper by Kaneko and 
Suzuki (1972) who found (as we did) that, although the 
total aqueous humour LDH was inconsistently raised 
in retinoblastoma, in seven cases all were associated with 
an elevated LDH, isoenzyme (and to a lesser extent 
LDH, and LDH, fractions). 

We believe that the aqueous humour LDH assay is 


Notes 


currently a valuable diagnostic adjunct in the diagnosis of 
retinoblastoma, in that both an absolute elevation of 
the total aqueous humour LDH and a relative elevation 
of the slow isoenzyme fractions—that is, a shift to the 
rght—appear to be suggestive but not diagnostic of 
retinoblastoma. We wish to encourage further experience 
with this test to resolve the inconsistencies in the litera- 
ture, and to define more accurately the limits of reliability 
and scope of application of this biochemical assay. 
Y ours faithfully, 

PAUL E, ROMANO and JACK KABAK 
The Children's Memorial Hospital, 
2300 Children's Plaza, 
Chicago, 
[Illinois 60614, USA 
( Undated, received 13 September 1976) 
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VII International Course in Ophthalmology 


Barcelona, 15 to 20 May 1977 
The VII International Course in Ophthalmology at the 


— Barraquer Institute will be held in Barcelona at the 
. Pelacio de Congreso de Barcelona. 


XI Congreso Argentino de Oftalmologia 
Mar del Plata, Argentina, 2 to 8 November 1979 


Further information may be obtained from Dr Hugo 
D. Nano, Secretario General, XI Congreso Argentino 


The appointed agents are: Atlas Express, SA, Pasco de 
Gracia 83, Barcelona 8, Spain, from whom further 
information may be obtained. 


de Oftalmologia, Casilla de Correo 73617600 Mar del 
Plata, Argentina, 
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the right move in glaucoma 
Why? 


Because EPPY attacks the problem 
from two sides. 


Firstly, it decreases the production 

of aqueous. | 

Secondly, EPPY, after a latent period will, 
in most cases, produce a permanent lowering 
of the resistance to aqueous outflow. 

This is in contrast to miotics such as 
pilocarpine which only improve outflow 
temporarily after each instillation. 

Also, unlike miotics, EPPY does not cause 
pin-point pupil - patients can lead a 
virtually normal life. 


Further information from: 
Smith & Nephew Pharmaceuticals Ltd. 
Bessemer Road, Welwyn Garden City, | 
130501/0775/BJO Hertfordshire, MNN 1 
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Volume 59, 1975, is also available on microfiche at these rates 
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TRANSACTIONS 

of the 

OPHTHALMOLOGICAL SOCIETIES 
OF THE UNITED KINGDOM 


Transactions of the Ophthalmological Societies of the United 
Kingdom, published since 1880 in a single volume, is now 
published in four separate parts as follows: 


I The Annual Congress of the O.S.U.K. (held in April, published 
in the Autumn) 


II The Oxford Congress (held in July, published in the Winter) 


M The Cambridge Symposium on ‘The Eye in Connective Tissue 
Disease' held in September, published in the following Spring) 


IV Papers from the Irish, Scottish and and provincial societies, 
Reports from affiliated organizations throughout the world, 
and the Annual Index (published in the Summer) 


Volume price (4 parts): Inland £18-00; Overseas US$49-00 
Parts may be purchased separately. Price: Inland £6-00; Overseas US$16-20 


The first part of Volume 96 will be published Autumn 1976 


ORDER YOUR SUBSCRIPTION FROM: 


The Subscription Manager, 
Professional & Scientific Publications, B. M.A. House, 
Tavistock Square, London WCIH 9JR 
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@ Extra large fixation point 
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@ 25 filter combinations, 
6 step target diaphragm 
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pantograph 
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attachments for static 
quantitative perimetry, 
flicker perimetry, colour 
perimetry, footswitch chart 
marking, plus electrically 
powered instrument table. 


PROMPT Delivery 


KO «Keeler 


21-27 Marylebone Lane 
London W1M 6DS 
Tel:01-935 8512 


Printed by F. J. Parsons Ltd, Newspaper House, Great New Street, London EC4P 4ER, and Hastings 


T s S i URSI REO 


PRENNS, 
NR 


2 


x2 RA 
AME = 


ti 


PT 


s 
VS: 


o ead Beaty 


Byes 
AF 


ie 
Des 


Ce LN SEEN spite 
sae N tanya 
Rages ; 


QE 
ZUM 
B 


EE 


n 
SHARED 


ES 


ee 


ER 


uns 


e 2 Ke 
dur | 


AUS 


SUM 


2 


S 2 
a 
JOURS 


7 
a 


7 
2 
* 


ESTE AS Set 4 vs 
g E 3 2 n 
EE 


SR 


R 


Hs 
^ ae 


RSEN 


MEE es P MEE E 
SDE MORRO er 


SES 


X 


MONS 


Ed 


S 


OK) $ 2 £ e - 
Su SU MG ) E $ 3 S AA T = XE. YT P A S ne zy vis - $ HC 3 


eS 


S 


ii 
ze 


M DS S 3 a (cn ed - S: A $ eer "V A A 


Nj BS 
s 








British Journal of Ophthalmology 


NOTICE TO CONTRIBUTORS 


Communications Papers, which will be accepted on the understanding that they have not been 
and will not be published elsewhere and are subject to editorial revision, and books for review, 
should be addressed to the Editor, British Journal of Ophthalmology, Institute of Ophthalmology, 
Judd Street, London WC1H 9Q8. 

The author should make adequate reference to previous work on his subject, and provide a full 
summary of his observations and conclusions. 

Articles must be typewritten on one side of the paper only, in double spacing with ample 
margins. Only recognized abbreviations should be used. Authors are asked to submit two copies 
of the text and references. 


Illustrations These should be marked on the back with the author's name and the top edge 
indicated. The author is advised to send prints of x-ray films which bring out the exact points to 
be illustrated. Photographs should be printed on glossy paper, and should be a little larger than 
the size desired for reproduction. The magnification of photomicrographs should be given. 
Graphs, charts, and tables should be presented on separate sheets apart from the text. Except 
letters and numbers, which should be lightly written in pencil, diagrams should be drawn in 
black ink on white paper. Glossy prints of diagrams should not be submitted. 


References In the text, the year of publication must follow the author's name, more than one 
paper by the same author in any one year being indicated by a letter (a, b, c) after the date. Refer- 
ences should not be numbered or given in footnotes, but should be listed at the end in alphabetical 
order of authors’ names, as follows: Author's name and initials, year of publication (in parentheses), 
title of the paper, the name of the journal (in full) in which the paper appeared, the volume 
number, followed by the numbers of the first and last pages of the paper, thus: 


Snodgrass, M. B. (1976). Ocular findings in a case of fucosidosis. British Journal of 
Ophthalmology, 60, 508-511. 


For books the authors’ names and initials, year (in parentheses), full title, edition, and page 
number, publisher, and place of publication should be given in that order. 

References will not be checked by the editorial office; responsibility for the accuracy and 
completeness of references lies with the author. 


Proofs Contributors will receive ONE proof, and should read it carefully for printers’ errors, and 
check the tables, figures, legends, and any numerical mathematical, or other scientific expressions. 
Alterations to the original text should be kept to a minimum. 


Reprints ‘Twenty-five reprints will be supplied free of charge. A limited number of additional 
reprints may be ordered from the Publishing Manager when proofs are returned. 


Copyright © 1976 by the British Journal of Ophthalmology. This publication is copyright 
under the Berne Convention and the International Copyright Convention. All rights reserved. 
Apart from any relaxations permitted under national copyright laws, no part of this publication 
may be reproduced, stored in a retrieval system or transmitted in any form or by any means 
without the prior permission of the copyright owners. Permission is not, however, required to 
copy abstracts of papers or of articles on condition that a full reference to the source is shown. 
Multiple copying of the contents of the publication without permission is always illegal. 


NOTICE TO ADVERTISERS 


Application for advertisement space and for rates should be addressed to the Advertisement 
Manager, British Journal of Ophthalmology, BMA House, Tavistock Square, London WC1H 9JR. 


NOTICE TO SUBSCRIBERS 


Annual subscription rates including postage by surface mail are £,24:00 in the United Kingdom 
and the Republic of Ireland, and US$65:50 in all countries overseas. 

Payment for overseas subscriptions should be made in dollars, i.e. $65:50, payable to the 
British Medical Association. Orders can also be placed locally through any leading subscription 
agent or bookseller. (For the convenience of readers in the USA subscription orders, with or 
without payment, can also be sent to: BRITISH MEDICAL JOURNAL, 1172 Commonwealth 
pd pee Mass. 02134. All inquiries, however, must be addressed to the publisher in 

ondon. 


All inquiries regarding airmail rates and single copies already published should be addressed 
to the publisher in London. 

















Clearly......the solution for 
glaucoma therapy 


Clear 
bu ig . Comfortable 
5, NN Adrenaline 


Stable adrenaline 


HA MENSEM = [nthe unique Isopto base 
EPINAL ^ : 


T No ciliary spasm 
o 

HUMUM ue 
SIME. » No miosis 
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a 1% and 0:5% for 
flexible therapy 





Ophthalmic Division 

World leaders in ophthalmic therapy Alcon Laboratories (UK) Limited 
Imperial Way Watford 

Hertfordshire England WD2 4YR 
Telephone Watford 46133 

Telex Number 923709 


The Wristrest adjusts quickly to any 
height or position. It removes or 
swing-tilts instantly away. Adaptable 
to all operating tables or stretchers, the 
aluminium stabilizing base is firmly 
secured by the patient’s own weight. 
Portable and sturdy, it is as useful in 
microsurgery as in general ophthalmic 
use. 


The surgical drape forms a natural 
valley between the Wristrest and the 
patient's head preventing instruments 
from falling to the floor. 





Each Chan Wristrest includes an 
autoclavable*, polyether foam 
headrest... steady, adjustable and 
comfortable. Its various components 
can be arranged to provide satisfactory 
head positioning for children, normal 
adults or barrel-chested patients. 


This uncomplicated device is a 
valuable adjunct that facilitates steady 
and delicate surgical procedures. 


*Inexpensive enough to be considered disposable, 
the headrest may be autoclaved at 134°C, 
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21-27 Marylebone Lane, London WIM 6DS 
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-opacified ocular media, incorporating a needie with a 
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THE PHILLPOTTS EYE SHIELD 
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The Phillpotts shield 
is a real advance 
on the Cartella shield. 


It is made for either 
the right or the left eye 
with a 
L10 or +14 lens. 


Following cataract extraction there are occasions when it is desirable soon to restore some 
vision, in addition to protecting the operated eye before the patient leaves the operating table. 
This is particularly the case in uniocular patients who may develop post-operative occlusic- 
mania, 

The Phillpotts shield is designed to fulfil these conditions. 

It is of clear coloured material with an aphakic correction before the eye. There are a 
number of ventilation holes and it is fixed to the face with transparent sellotape. It is so 
shaped that it is practically impossible for a finger to be inserted underneath and it does not 
touch the lids or lashes. The edges are smooth and comfortable. 

After use the shield can be washed with soap and water and a soft brush or sterilised, 
if desired, in 0-5°,, of Hibitane in 70% alcohol. 

Owing to its peculiar design it fits comfortably on any orbit from childhood to old age. 
It is intended to be used at an earlier stage than it is safe to use Temps. 

References: Phillpotts, J. S. Transactions of the O.S.U.K. 1968. 

Transactions of the Ist South African International Oph- 
thalmic Congress 1968. 





For information on RAYNER Ophthalmic Equipment, Test Type Cabinets 
and British Standard Trial Cases, please contact Frank Cornish: 


THE RAYNER OPTICAL COMPANY LTD 
17 Lorna Road, Hove, East Sussex BN3 3EP 
Tel: Brighton (0273) 732484-778331/2 Telex: 87323 (FSI Brighton) Rayneropt 
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in glaucoma 
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capsule 


Il prescribing information is avaitabie from: - 
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Fareham Road, Gosport, Ha 
* Registered trademarks 
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Ophthalmic Literature 





EDITOR: Sir Stewart Duke-Elder 
ASSISTANT EDITOR: Stephen J. H. Miller 


EDITORIAL BOARD: M. A. Bedford, J. M. Cappin, D. F. Cole, E. W. G. 
Davies, Peter Fells, T. J. ffytche, A. Harden, Barrie Jay, J. H. Kelsey, 
Il. Luke, A. S. Mushin, E. S. Perkins, R. J. H. Smith, R. C. Tripathi 


ASSOCIATE EDITORS: Australia, R. F. Lowe; Austría, K. Hruby; Be/gium, J. 
Francois; Brasil, A. L. de Medeiros; Canada, H. Reed; Chile, A. Gormaz B.; 
Czechoslovakia, M. Klima; Egypt, M. S. E. Mostafa; France, F. Hervoueét, 
S. Vallon; Greece, J. Charamis; Holland, N. M. J. Schweitzer; Hungary, P. 
Weinstein; /nd/a, S. R. K. Malik; /srae/, 1. C. Michaelson; /ta/y, M. G. Bucci, 
N. Orzalesi, P. de Palma; Japan, A. Nakajima; New Zealand, G. Fenwick; 
Poland, J. Burau; Rumania, P. Vancea; Scandinavia, G. von Bahr; South 
Africa, S. Etzine; Spain, A. Arruga; Sri Lanka, |. Sri-Skanda-Rajah-Sivayo- 
ham; Switzerland, R. Kern; Turkey, C. Orgen; USA, J. L. Baum, D. Gold, 
J. Price; Venezuela, H. S. Novich; Yugoslavia, N. Ljustina-IvanCiC, A. Pisteljic. 


TECHNICAL EDITOR: Kathleen A. Taylor 


Ophthalmic Literature is the key to virtually all published information on 
ophthalmology in both its basic and clinical aspects, and is the most comprehensive 
ophthalmic abstracting medium. Each issue consists of carefully prepared, infor- 
mative abstracts in English of relevant articles in medical and scientific journals 
throughout the world; each abstract is classified under one of forty specific 
headings with cross-references where necessary. The journal appears quarterly 
with overlapping volumes; a complete volume abstracting a years literature 
consists of six issues plus an author and subject index issue and contains over 
6000 abstracts. The clinician desirous of keeping his knowledge up to date or 
the research worker will find the journal invaluable. 


ANNUAL SUBSCRIPTION RATES: | Inland £16.00 
Abroad £20-00 
USA & Canada 3 $48.50 


ORDER FROM: Miss R. Soley, Publishing Manager, Ophthalmic Literature, 
institute of Ophthalmology, Judd Street, 
London WC1H 9QS, England 
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Provides immediate diagnostic 
information in both ocular and orbital 
pathological conditions that otherwise 


would not be apparent. N 
Provides an instant -— 
permanent photo record. 

Easy to Use 


... Two knobs to adjust 
... Without water bath 


M-9010 Ophthalmic B-Scan 
Complete with Camera and Adapter, ans 
115V, 50 or 60 Hz | ; = 


Write for additional information and reprints. 


Jointly developed by Grumman Healt? 
Non Ophthalmological Electror ; Labor 
* / n 
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In simple glaucoma 
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: considerable advantage of 
being /onger acting with a 
ower dosage. A maximum 
of only two installations a 
day is all that is normal 
required. 
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WIGMORES 


DISPENSING OPTICIANS 


Now Incorporating: 


David Beck Dispensing Opticians Ltd. E. Massey Ltd. 
Clifford Brown Ltd. A. E. Newbolt Ltd. 
R. W. Bradshaw Ltd. Spencers (Opticians) Ltd. 
Kingsley Gee Ltd. Stercks Martin Ltd. 
Midlands 
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Horley 02934-2668 
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& 01-549-3700 
Letchworth .. 046 -26-4687 


A member of the DOLLOND AND AITCHISON GROUP 


BRITISH JOURNAL OF OPHTHALMOLOGY OCTOBER 1076 


€ drar mananan auaa paama aan mani iaaa NAA A A A nn e A A eaaa aa A a a AA A a AA AA aAA D nA aaan na 








WIGMORES 
DISPENSING OPTICIANS 


London & Home Counties (Cont'd) 


Morden T a4 is M 3 01 -648-3161 
New Cavendish Street T SA » 01-486-0633 
Orpington  .. T a T z4 0689-20848 
Putney o Ae xS "T i 01-788-4437 
Rayleigh - T T 24 P 037-42-3043 
Rayners Lane T "T T" 3 071-868-8922 
Redhill i “ue * - - 0737-65600 
Reigate T - T bs T 073-72-43577 
Richmond .. -T - - 01-940-3515 
Ruislip - T - “i bs 089-56-34234 
Rustington .. - T " D. 090-62-6330 
Sloane Square T m - TA 01-730-7900 
Thornton Heath T pu vu T: 01-684-1155 
Wandsworth. . "T 24 x i 01-874-2187 
Waterloo E a v T i4 01-928-5343 & 5760 
West Wickham = = A T 01-777-2211 
Welling = T $i xi = 01 -303-8908 
Welwyn Garden City a 5 Y 070-73-27130 
Wembley  .. 2x * s a 01-902-5051 
Wigmore Street T T T - 01-935-3615 & 4730 
Wimbledon .. T T 24 T 01-946-5533 
Worthing  .. T " E Ea 0903-201856 
South West 
Exeter T T 7 T 0392-77698 
Scotland 
Aberdeen  .. * s - 0224-22724 
Arbroath T e T "m t Arbroath 3782 
Dundee "T T Es - A 0382-26987 
Glasgow - - T Pu E 041-248-5402 
Hamilton m " p zu - 069-82-25294 
Perth 2 "t ie e - 0738-21338 
St. Andrews . . 7 bs = A St. Andrews 2437 
Stirling T px 0786 2864 





A member of the DOLLOND AND AITCHISON GROUP — | 


xi 


HRITISH JOURNAL OF OPI ITH A LM OLOGY _ 


imm AN erent A at ———— M P E E SSA OU A ANI EE YAN MPAA TRAM ATR nagaan E E 


OCTOBER 1976 







~ " Vw 


Tanderil® eye ointment 


Tanderil® eye ointment achieves 
anti-inflammatory effectiveness 


~ without the risk of enhancing 
viral replication or bacterial 
invasiveness 


~ without adversely affecting 
intra-ocular pressure or lens 
metabolism 


Tanderil® eye ointment Geigy 


Each 5G tube of ointment contains 4-butyl-2- 
(4-hydroxyphenyl)-1-phenylpyrazolidine-3. 
5-dione monohydrate (Oxyphenbutazone B.P.) 
1096 in special greasy base. 


Full prescribing 
information is available, 


Geigy Pharmaceuticals 


Macclestield, Cheshire 
SK102LY. 
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The Kelvin Slit Lam 


high quality performance 
-low cost 


Purchasing reliable optical equipment its quality performance and 

of the required quality and price is reasonable cost. 

becoming increasingly difficult in these | Write or telephone for a visit and 

days of restricted budgets. The Kelvin demonstration from one of our 

Slit Lamp,-along with the other items technical representatives who 

in the Kelvin Equipment Range, ! will be pleased to tell you 

-has been especially selected for > more about this excellent 
equipment 











e Fine slit 
control giving the 
narrowest slit up 










@ Top quality 
engineering makes 
this a fine precision 
instrument ideal for 
contact lens work or more 
general application 

















| to circular Spot 







@ Extremely smooth 
one-handed control 







@ Finest optics with wider field by joy-stick 
of vision. Slit image can be 


rotated from O^ - 180 










@ Magnification 
Objective 1 x 1.6 x 








@ Fingertip change of magnification Eye Piece 10 x 16 » 


@ Filters: Normal, transparent 


@ Light source and microscope 
smoke, blue-green and cobalt 


Kelvin House. Denton, Manchester. Telephone: 061-336 6231 
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We shall be pleased to send, on request, an 
illustrated pamphlet of micro surgical instruments. 





DINEY INSTRUMENTS LTD. 
19 WIGMORE STREET LONDON, WIA 4DU 
Telephone 01-580 1713 











Melson Wingate Ltd. 


31 ABBOTT ROAD, BOURNEMOUTH (0202) 512311 AND 40 BRANCHES 


VOCATIONAL LENSES 


This comprehensive range of Multifocals, Tints, and special Lenses is 
available for demonstration to patients in all our branches. 


p 





Ta la 3r 
AS im JEN 






— 





—— —— 
E 





XIN 


BRITISH JOURNAL OF OPHTHALMOLOGY OCTOBER 1970 


*- HAMBLIN 


ma 24 


incorporating 
Surge 
Control 
Unit 












Theodore 
Hamblin 
Limited 
Hamblin House 
1 Langham Place 
London W1N 8H 
Telephone: 01-580 4343 




















The re-designed Hamblin Giant Magnet 
incorporates new developments in the 
miniaturisation of electronic components. 
The Surge Control unit is now an integral part 
of the Magnet Stand assembly. There are 
four inter-changeable applicators and the 
Hamblin Portable and Mini-Magnets may be 


Sales and Services 


operated from this unit. All Hamblin wend à 
Ophthalmic Magnets comply with the pe — s) 
Department of Health's Stringent Lame | 

i 1 Castleacre Road 
recommendations for clectrical apparatus SWAFFHAM 


Norfolk PE37 7HZ 
Telephone 

Swaffham 21516 
(STD Code 0760) 


used in operating theatres 
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British. Journal of 


Ophthalmology 
on MICROFICHE 


Since January 1976 the BRITISH JOURNAL OF OPHTHALMOLOGY has been 
published in a microfiche edition simultaneously with the standard paper 
edition. Overseas subscribers to the microfiche edition will receive microfiches, 
by AIR MAIL, within days of publication. The availability of the microfiche 
edition should have great appeal to libraries and other readers far distant from 
the United Kingdom. 


The microfiche produced for the British Medical Association conform to 
the international standard as laid down by the National Microfilm 
Association of America. These microfiches are produced by a step and 
repeat camera with duplicates produced on silver halide film for 
archival permanence. Each fiche measures 105mm x 148mm and can 
contain up to 98 images filmed at a reduction ratio of 24 x along with 
an eye readable title for identification. Details of microfiche volume 
binders are available on request. 


The subscription prices for each annual volume on microfiche are as follows: 


Inland Abroad 
For subscribers to the paper edition £13 50 US:27 00 
For those who do not subscribe to the £2025 US:40 50 


paper edition 


Volume 59, 1975, is also available on microfiche at these rates 


Orders for the microfiche edition of this journal can be sent to: 


The Publisher, BRITISH JOURNAL OF OPHTHALMOLOGY, B.M.A. House, Tavistock 
Square, London WC1H 9JR. Readers in the U.S.A. can order from: BRITISH MEDICAL 
JOURNAL, 1172 Commonwealth Avenue, Boston, Mass. 021 34, or through any leading 
subscription agent. 
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A significant 
contribution 


In the skilled hands of physicians, the Peyman Vitrophage with the instant on off 
cutting/vacuum system has proved a significant tool in the ophthamolo- 
gist’s armamentarium. 

Providing cutting and removal of material in such procedures as Vitrectomy (Pars 
Plana, or Open Sky) and Removal of Cataractous Lens with moderate Nuclear Scle- 
rosis, the Peyman Vitrophage is “human engineered” for precise, comfort- 
able operation. 

Always ready for immediate use, disposable prepackaged sterile handpieces 
allow for multiple procedures without the need for resterilization. The console is 
completely mobile and requires only standard 115 Volt electrical outlet. 
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Strabismus 


Edited by 
P. G. Watson 


Cambridge Ophthalmological Symposium 
Perrers Taylor Memorial September 1973— 
(Chairman: T. Keith Lyle) 


Foreword | P. G. Watson 

Factors involved in the production of amblyopia G. K. Von 
Noorden 

Is amblyopia due to inappropriate stimulation of “sustained” 
visual pathways during development? H. Ikeda and M. 7. 
Wright 

Experimental analysis of amblyopia and strabismus C. Blake- 
more and R. C. Van Sluyters 

Visually evoked responses in amblyopia G. B. Arden, W. M. 
Barnard and A. S. Mushin 

Histochemistry of primate extraocular muscles and the changes 
of denervation T. H. T. Durston 

Control of ocular movement R. B. Daroff 

Epidemiology of strabismus P. A. Graham 

Newer methods of investigating strabismus 7. Mein 

Management of acquired esotropia M. M. Parks 

Relevance of the AC/A ratio K. Wybar 

Management of paralytic strabismus P. Fells 

Defects of ocular movement and fusion after head injury 
A. Stanworth 

Strabismus affecting children with multiple handicaps B. 
Harcourt 

Management of microtropia 7. Lang 

Electrophysiology of the retraction syndromes A. Huber 

Surgical management of Duane's syndrome M. H. M. A. 
Gobin 

Surgery of muscle adhesions and effects of multiple operations 
$. Dunlap 

Sensory anomalies in strabismus B. Bagolini 

Summing up 7. Keith Lyle 

Bibliography 


Single copy price: Inland £325; Abroad US$7-80; including postage 


Annual Subscription to the British Journal of Ophthalmology 
(12 issues), Inland £24:00; Overseas US$65-s0. 


ORDER FROM: The Publisher, British Journal of Ophthalmology, BMA House, 
Tavistock Square, London WC1H 97R, or through any leading subscription agent 
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Dispensing Opticians 
Surrey 


20 High Street, Sutton. 01-642 2798 
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A historic event in ophthalmology... Chairman: Jules Francois, MD 


12th ANNUAL MEETING AMERICAN SOCIETY 
OF CONTEMPORARY OPHTHALMOLOGY 


Joint Meeting with the 


INTERNATIONAL GLAUCOMA CONGRESS 


(sponsored by Lederle Laboratories) 
January 30-February 4, 1977 Diplomat Hotel/Hollywood, Florida 


This Continuing Medical Education offering meets the criteria for up to 42 
hours of credit in Category 1 for the Physician's Recognition Award of the 
American Medical Association and for the Certificate of Advanced Studies in 
Ophthalmology of the American Society of Contemporary Ophthalmology. 


Program 


Monday, January 31: INTERNATIONAL GLAUCOMA CONGRESS 1 "Current. Concepts in Glaucoma" 
Drs. Mansour Armaly, George Washington Univ, Washington, DC; Jose Barraquer, Bogota, Colombia: 
Bernard Becker, Washington U., St. Louis; Giambattista Bietti, Rome Univ., Paul Bregeat, Pans, France: 
Jules Francois, Ghent, Belgium; Edward Grom, Caracas, Venezuela; Fritz Hollwich, Munster, Germany: 
Herbert Kaufman, Univ. of Florida, Gainesville; M. M. Krasnov, Moscow, USSR: Roberto Sampaolesi, 
Buenos Aires, Argentina; Miles Galin, New York Medical College, New York. 


Tuesday, February 1; INTERNATIONAL GLAUCOMA CONGRESS I “Recent Advances in Glaucoma" 
H. J. Merte, Munich, Germany; Akira Nakajima, Tokyo, Japan; Stevan Podos, Mt Sinai Med. School, 
New York; Harold Scheie, Scheie Institute, Philadelphia; Allan Kolker, Washington U. St. Louis; 
H. Saul Sugar, Wayne State UL, Detroit; R. Witmer, Zurich, Switzerland: Paul Henkind, Albert Einstein 
Coll. of Medicine, New York; George Spaeth, Wiis Eye Hospital, Philadelphia; Stanley Becker, 
Washington U., St Louis; D. Willard, Temple U; W. Leydhecker, Wurzburg (President). 


Complete program includes: 


Sunday, January 30: OCULOPLASTIC SURGERY AND STRABISMUS, Chairman: Dr, Pierre Guibor, 
Doctors Hosp, New York; Speakers; Marshall Parks, Ralph Hamilton, Thomas Naugle, Spencer 
Thornton, Crowell Beard, M, Eugene Tardy, Robert Wood, Herbert Gould, Marsha Guibor. 


Wednesday, February 2: CATARACT. Chairman: Dr, David Paton, Baylor Univ, Houston. Speakers: 
Richard Kratz, Miles Galin, John Bellows, Norman Jaffe, Robert Drews, Donald Willard, Ronald 
Michels, Jared Emery, James Little, 


Thursday, February 3: CORNEA/EXTERNAL DISEASES. Chairman: Dr. Claes Dohlman, Harvard Univ. 
Boston. Speakers: Donald Doughman, Walter Stark, Stuart Brown, Anthony Nesburn, Deborah 
Pavan Langston. 


SPECIAL LECTURES ON CONTACT LENSES, sponsored by Bausch & Lomb, with Dr. Antonio Gasset 
and other leading experts discussing the use of soft contact lenses in myopia, hyperopia, aphakia, keratocontus, 
bullous keratopathy, corneal ulcers, glaucoma. 


Friday, February 4: VITREOUS, CHOROID, RETINA. Chairman: Dr. Harvey Lincoff, Cornell Univ, 
New York, Speakers: Ronald Michels, D. Jackson Coleman, Howard Schatz, Lawrence Yannuzzi, 
Kurt Gitter, Norman Jaffe. 


AFTERNOON SESSIONS will be devoted to workshops, including 5-day workshops on 
Microsurgery of the Anterior Segment and on Phakoemulsification/Phakofragmentation, both 
concentrating on developing skills using animal eyes. 


WRITE: JOHN G. BELLOWS, MLD., 6 North Michigan Avenue, Chicago, Illinois 60602 


Also Announcing ... 


INTERNATIONAL GLAUCOMA CONGRESS II 


will be held May 12-13, 1978, in Kyoto, Japan, preceding the XXIII International Congress of 
Ophthalmology May 14-20, 1978. 
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Congenital duplication of the lens 


R. H. B. GREY anp N. S. C. RICE 
From Moorfields Eye Hospital, City Road, London 


Congenital anomalies of the formation of the lens 
from the lens plate or lens vesicle are rare and it 
would seem that reduplication is exceptionally 
uncommon. 

Duplication of the nucleus and cortex within 
one lens capsule has been recorded on several 
occasions (Von Graefe, 1854; Erwin, 1894; Clegg, 
1914; Marquez, 1922). Although Erwin's case also 
had glaucoma none of these cases had any other 
abnormality of the eyes and the condition was 
unsuspected until the patients underwent cataract 
extraction. The operations were performed when 
the patients were aged between 57 and 73 years and 
were described as uneventful but, after removal of 
the lens nucleus, à second nucleus was subsequently 
expressed. These cases would seem not to have 
been true lens duplications. Von Szily (1938) in 
the Doyne Memorial Lecture demonstrated the 
mechanism of the origin of these duplicated 
nuclei and pointed out that in some areas the 
epithelium extended posteriorly behind the equator 
of the lens, thus leading to an irregular arrangement 
of lens fibres and to two nuclei and cortices, one in 
front of the other. 

Logetschnikow (1893) described a case of a 
48-year-old woman on whom he performed a 
cataract extraction. He noted a large temporal lens 
and a small nasal lens as opposed to two nuclei 
separated by a coronal split, but this case also 
appeared to have one capsule. 

True duplication of the lens with separate 
capsules would seem to be uncommon. Richardson 
(1951) presented a case of a child of 11 months of 
age in whom there was considerable maldevelop- 
ment of the anterior and posterior segments of the 
eye. A central corneal tumour was present with a 
coloboma of the iris, ciliary body, and choroid; 
there were also two lenses. There was mesenchymal 
tissue extending from the cornea to the iris surface 
and the retina was attached to the posterior surface 
of one of the lenses. 

Lyford and Roy (1974) published a case report 
of an eight-year-old girl with absence of one side 
of the nose, mental retardation, and unilateral 
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ocular defects. There was a bifid upper lid, colo- 
boma of iris, ciliary body, and choroid and dupli- 
cation of the lens. 

This paper describes a case of true duplication 
of the lens which has features that distinguish it 
from previously reported cases. 


Case report 


A White seven-week-old baby boy was brought to an 
outpatient clinic by his parents. From the time of his 
birth they had noticed that his left eve seemed enlarged 
and had an irregularlv-shaped pupil. Although the 
cornea was clear it appeared larger than the right cornea 
and there was a typical coloboma of the iris. The mothe 
reported a normal pregnancy followed bv an uneventful 
delivery; the birth weight was 7lb 60z (3:4 kg). There 
was no family history of ocular abnormality, A diagnosis 
of congenital glaucoma was suspected and the child 
was admitted for examination under general anaesthesia 

The left cornea was oval measuring 13 mm in the 
45 meridian and i1 mm in the 135 meridian. The 
structure of the cornea appeared normal, with no 
splits in Descemet's membrane, and it was transparent 
(Fig. 1). 





Photograph to show oval cornea and tris coloboma 


FIG. 1 
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The anterior chamber was of normal depth but the 
iris had an infero-nasal coloboma involving the whole 
width of the iris (Fig. 1). Behind the iris there were 
two well-formed, clear lenses both lying in the coronal 
plane of the eye. The supero-temporal lens appeared 
slightly larger than the infero-nasal lens and neither 
appeared to be dislocated. Both lenses appeared to be 
circular apart from the upper margin of the inferior 
lens which had a slightly concave outline (Fig. 2). There 
was a fine strand stretching from the superior margin 
of the inferior lens to the nasal edge of the pupil margin 
and from this point the strand expanded as a thin 
triangular fibrous sheet on the iris surface reaching the 
angle of the anterior chamber covering à short area of 
the trabecular meshwork. Elsewhere the trabecular 
meshwork appeared normal. 

Examination of the fundus showed a coloboma of 
the choroid with an appearance similar to a drumstick; 
a thin choroidal defect extended forwards from the disc 
and expanded in the periphery. There was pigment 
hypertrophy around the edge of the expanded area, but 
the retina appeared to be intact over its surface with 
normal retinal vessels running across it (Fig. 3). The 
optic disc appeared normal. The intraocular pressure 
was 16 mmHg. The right eye was normal with a normal 
refraction. 

General examination of the child revealed no other 
defects and x-rays of the head revealed no develop- 
mental abnormalities of the nose or skull. The mental 
development appeared normal and has remained so, 


Discussion 


During normal embryonic development the lens 
plate develops in the surface ectoderm in. the 





FIG. 2 


Photograph with retroillumination showing tris 
coloboma and duplicated lens 





Painting of typical partial coloboma of choroid 


FIG. 3 


second week (4 mm stage). This invaginates and 
forms a pit (5 mm) which then develops into a 
vesicle by the fourth week (7 mm). Some time 
before the fifth week (10 mm) the lens vesicle 
separates from the surface ectoderm and then 
becomes engulfed in mesodermal tissue. The 
determinant of these stages of development is the 
optic vesicle developing from the forebrain. The 
outer layer of the optic vesicle also acts as the 
determinant of the development of the choroid, 

The case described in this paper showed a 
typical, partial coloboma of the uvea—that is, in 
the line of the embryonic cleft and involving only 
some of the layers of the developing eye. It would 
seem that there was a mild abnormality arising 
in the fusion of the outer layer of the optic cup at 
the 12-13 mm stage which led to the coloboma. 
Whatever the defect was that prevented this fusion 
it would seem reasonable to suggest that it had 
affected, at an earlier stage (5-7 mm), the optic 
vesicle determining the developing lens plate. 
Instead of the plate forming a single lens pit and 
vesicle the defective optic vesicle led to the forma- 
tion of two lens pits, thus two separate lenses. 


In the embryo before the 13 mm stage there are 
fibrils extending from the lens vesicle to the surface 
ectoderm-—that is, the anterior vitreous. It has been 
suggested that these fibrils act as the basis for the 
mesodermal invasion, which later forms the corneal 
stroma. It would seem probable therefore that if 
there was an abnormality of the lens vesicle there 
would be a corresponding abnormality of anterior 
vitreous fibrils. This could explain the long axis 
of the oval cornea being in the same meridian as the 
duplicated lenses in the present case. 

Richardson suggested that an abnormality of the 
central lens plate had led to the formation of two 
lens vesicles but this would not explain the develop- 
ment of a coloboma, which seems to be present 
whenever the lens is reduplicated. Also, unlike 
Richardson’s case the other mesodermal structures 
of the eye appeared largely unaffected. The zonule 
of the lenses appeared normal and the iris stroma, 
corneal stroma, and anterior chamber were normal 
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apart from one fine strand from the inferior lens 
to the iris border and drainage angle. 

The patient of Lyford and Roy had an atypical 
complete coloboma on the lateral side of the eye 
with unequal lenses. Presumably in this case the 
more fundamental defect of the fronto-nasal 
process had secondarily affected the normal 
fusion of the optic vesicle leading to abnormal 
determination of the lens plate. 


Summary 

A case of reduplication of the lens with uveal 
coloboma is described. This is a rare condition and, 
unlike the two previously reported cases, the 
other ocular structures and adnexae appeared 
normal. 
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Effect of pilocarpine on visual acuity and on 
the dimensions of the cornea and anterior chamber 


D. POINOOSAWMY, S5. NAGASUBRAMANIAN, anp N. A. P. BROWN 
From the Department of Experimental Ophthalmology, Institute of Ophthalmology, London 


There are many data on the effect of pilocarpine on 
the anterior chamber, particularly in respect to 
reduction in intraocular pressure and in anterior 
chamber depth and miosis, but the effect of pilo- 
carpine on the anterior chamber volume and corneal 
curvature has not previously been studied. Pilo- 
carpine commonly causes reduced visual acuity 
which may be partly due to miosis, but in this studv 
reduced visual acuity 1s shown to be mainly due to a 
myopic change. The mechanism of the myopic 
change has not previously been established and it 
is now shown to be caused by changes in radius of 
curvature of the lens, similar to changes occurring 
in accommodation; changes in radius of curvature 
of the cornea are relatively unimportant. 

Pilocarpine reduces the anterior chamber depth 
(Heim, 1941; Rosengren, 1950; Törnqvist, 1956; 
Bleeker, 1960; Romano, 1968; Wilkie, Drance, 
and Schulzer, 1969; Poinoosawmy and Roth, 1974). 
This effect is probably related to an increase in the 
sagittal width of the lens as demonstrated by 
ultrasound (Abramson, 1972; Abramson, Coleman, 
Forbes, and Franzen, 1972) and is not connected 
with the reduction in intraocular pressure. In this 
study the reduction in anterior chamber depth is 
correlated with the reduction in anterior chamber 
volume and in the radius of curvature of the lens; 
these have not hitherto been reported. 

Miosis may result in better visual acuity in some 
patients who are initially ametropic, but reduced 
visual acuity is the more usual effect of pilocarpine. 
Visual acuity has been shown to improve if the 
pupil diameter is reduced to 2:5 mm (Hallden, 
1973a and b) and to deteriorate with further 
reduction below this figure; this deterioration is 
believed to be due to diffraction. The current study 
shows that changes in visual acuity result from 
factors unrelated to miosis. 

An increased radius of curvature of the cornea 
has been shown to occur with a rise in intraocular 
pressure (Poinoosawmy and Roth, 1974). Reduction 
in corneal radius is therefore to be anticipated with 
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the reduction in intraocular pressure resulting from 
pilocarpine, but this has not previously been 
measured. The present study investigates the 
effect of pilocarpine on the cornea with pachometry 
and keratometry. 


Materials and methods 
SELECTION OF SUBJECTS 


Altogether 105 patients of both sexes were selected. 
They ranged in age from 35 to 7o years and included 
normal subjects as well as patients with confirmed 
narrow-angle and chronic simple glaucomas. In all 180 
eyes were studied. 


Methods 


In those patients already receiving pilocarpine, the drug 
was withdrawn for at least 24 hours before beginning 
the study. The following parameters were studied 
before and after the administration of pilocarpine and, 
in some subjects, again after its withdrawal. 

Visual acuity. Standard Snellen chart at 6 m (with 
distance correction if required). 

Anterior chamber depth (Haag-Streit pachometer and 
slit-image photography). 

Anterior chamber cross-section area (slit-image photo- 
graphy, from which anterior chamber volume was 
calculated). 

Corneal thickness (Haag-Streit pachometer). 

Applanation tension (Goldmann). 

Pupil diameter (pupillometer). 

Lens anterior radius (slit-image photography). 

The photographic method described by Jones and 
Maurice (1963) for measuring the volume of the anterior 
chamber by means of attachments to the Haag-Streit 
goo slit-lamp was later modified (Brown, 19732) to 
produce an improved image of the anterior chamber: 
measurements were then made from the photographs 
using a Perspex grid (Figs 1 and 2). The modified 
technique was used in the present study for measuring 
the depth and for calculating the volume of the anterior 
chamber. 

The radius of curvature of the anterior surface of the 
lens was measured in only ro eves in which the lens 
was sufficiently well recorded in the photographs when 
the pupil was miosed. The radii were measured from 
the projected images using the mirror technique as 
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FIGS 1 and2 Anterior segment photographs taken before (Fig. 1) and after ( Fig. 
between posterior surface of cornea and anterior surface of lens 


described by Fisher (1971) and modified by Brown 
(19773a) to allow for corneal refraction. 


Results 


CHANGES IN CORNEA, INTRAOCULAR PRESSURE, AND 
ANTERIOR CHAMBER DEPTH WITH PILOCARPINE 
(TABLE I) 


‘There was no change in corneal thickness, but there was 
a significant reduction in the radii of curvature of both 
the horizontal and vertical meridia of the corneae with 
pilocarpine, which correlated well with the reduction in 
intraocular pressure (r 0:64). There was also a signifi- 
cant shallowing of the anterior chamber. 


CHANGES IN VISUAL ACUITY WITH PILOCARPINE 


The visual acuity with pilocarpine in 102 glaucomatous 
eyes deteriorated in 78 eyes, improved in six, and was 


Effect of pilocarpine on visual acuity 


Table I Changes in cornea, intraocular pressure, 
and anterior chamber depth with pilocarpine 


2) pilocarpine. 
(3:1 mm before and 2:7 mm after administration) 


Note distance 
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Corneal thickness (mm) 

Horizontal meridia 
(mm) 

Vertical meridia (mm) 

Intraocular pressure 
(mmHg) 

AC depth (mm) 


*Significant P * 0-05 


Mean values from 55 eves 


with glaucoma 


Without 
pilo- 


carpini 


With 


pilo- 


carpini 


Differenc: 
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unchanged in the remainder. In those eyes in which the 
visual acuity deteriorated it fell from one to five lines 
on the Snellen chart. In all these eyes the visual acuity 
could be corrected to the previous value with the 
addition of minus spheres to the distance refraction. 
The correction needed varied from -o:25D to —-1:75D 
with a mean value of o-95D. Miosis occurred in all eyes 
but was evidently not the cause of the reduced visual 
acuity since this could be corrected with minus lenses. 


CHANGES IN ANTERIOR CHAMBER DIMENSIONS 
WITH PILOCARPINE (Table II) 


There was a highly significant reduction in anterior 
chamber depth, area, and calculated volume within 15 
minutes (P= « o:01); this increased up to 30 minutes, 
but it did not increase after 60 minutes. The anterior 
chamber volume was found to be well correlated with 
the anterior chamber depth as shown in Fig. 3. 


CHANGES IN LENS RADIUS OF CURVATURE (Table III) 


In all the lenses measured, the radius of curvature of 
the anterior surface became shorter with pilocarpine. 
'The change in radius was highly significantly correlated 
(r-—o:84) with the degree of myopic change in refraction. 
The change in radius was also highly significantly 
correlated (r«0o-84) with the change in anterior chamber 
depth and inversely r 0:84 with the age of the subject. 











Table II Changes in anterior chamber dimensions 
with pilocarpine 

Mean values for 125 eyes 

"thout After pilocarpine 

pilo- MÀ - 

carpine 15 min 30min 60 min 
AC depth (mm) — 2:82 2:38 2°27 2'25 
Area (mm?) 21:0 16:5 15:8 15:7 
Volume (ul) 155 117 112 111 





Table III Radius of curvature of the anterior 
lens surface before and after pilocarpine 








Age Before After 
(years) pilocarpine pilocarpine 

(mm) ( mm) 
I 73 I2'5 9'3 
2 39 14°8 9°3 
3 68 13:5 10'9 
4 74 11:2 10:6 
5 45 127 97 
6 23 10:1 8:1 
7 77 12:8 94 
8 55 11:8 II'O 
9 65 13:8 94 
10 68 1I'9 8&2 
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ric, 3 Correlation between volume and depth of 
anterior chamber 


Discussion 


This decrease in the depth of the anterior chamber 
as a result of pilocarpine confirms earlier reports 
(Heim, 1941; Rosengren, 1950; Térnqvist, 1956; 
Bleeker, 1960; Abramson and others, 1972). 

The change in visual acuity for distance appears 
to be accounted for by a myopic shift since the 
visual acuity could be corrected to pretreatment 
levels, in all patients in whom it was reduced, by 
the addition of minus lenses. 

The small reduction in radius of curvature of 
the cornea after pilocarpine had been instilled is 
likely to be related directly to the fall in intraocular 
pressure. The reduction in radius alone would 
produce a myopic shift, but it is likely to be out- 
weighed by an accompanying reduction in axial 
length of the globe. It has previously been shown 
(Poinoosawmy and Roth, 1974) that raised intra- 
ocular pressure 1s associated with an increase in 
the radius of curvature of the cornea and with a 
myopic shift which appears to be due to increased 
axial length of the globe. Thus the small changes 
in external dimensions of the eye resulting from 
reduced intraocular pressure would probably 
result in a net hypermetropic shift. But since the 
overall change is towards myopia, the changes in 
the axial length must be outweighed by other 


changes in the eye and it is likely that changes in 
the lens are responsible. A forward movement of 
the anterior pole of the lens is demonstrated in all 
subjects in whom there is a myopic shift and 10 of 
these subjects in whom the radius of curvature of 
the anterior lens surface could be measured showed 
a reduction in radius. The present study does not 
measure the sagittal width of the position of the 
posterior pole of the lens. 

[t seems likely that the changes now observed 
in the lens of the eyes are the same as those occurring 
in accommodation in which the increase in sagittal 
width of the lens is associated with a greater forward 
movement of the anterior pole than backward 
movement of the posterior pole, so that there is a 
forward movement of the lens centre (Coleman, 
1970; Brown, 1973b). Similar changes have also 
been demonstrated by ultrasound after pilocarpine 
administration (Abramson, 1972). 

Forward movement of the lens increases its 
effectiveness, but in accommodation it is mainly the 
change in lens radius of curvature which is res- 
ponsible for producing near focus (Brown, 1973b). 
It is likely that the reduced radius of curvature of 
the lens is the main factor in producing myopia in 
our subjects. i 

It appears that the myopia induced by pilocar- 
pine is due to the action on the ciliary body causing 
it to contract and to produce the lens changes 
normally seen in accommodation. The myopic 
changes were least in the older subjects as could be 
expected from the presbyopic reduction in accom- 
modation. 

Another interesting observation in the present 
study is the correlation between the depth and 
volume of the anterior chamber, which was found 
to be highly significant. Jones and Maurice (1966) 
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obtained a value of 1753-30 ul for the volume of 
the anterior chamber in normal subjects. The mean 
volume in the pretreated group in our study, which 
included both normal and glaucomatous eyes, was 
approximately 154:62--7:0221 ul, and the slight 
difference could well be due to the inclusion of eyes 
with shallow anterior chambers. 


Summary 


The effect of pilocarpine on visual acuity and on 
the dimensions of the cornea, anterior chamber, 
and lens were studied in two groups of subjects. 
Significant changes in ocular tension, corneal 
curvature, anterior chamber depth, and lens 
anterior radius were found in a group of 55 glau- 
comatous eyes as a result of pilocarpine treatment, 
but there was no change in corneal thickness. Out 
of 102 glaucomatous eyes 78 became relatively 
myopic, and this appears to be due to changes in 
the dimensions of the lens of the eye similar to 
those occurring in accommodation, as a result of 
the effect of the drug on the ciliary muscle. 

The effect of pilocarpine on anterior chamber 
depth, area, and volume was studied in 125 eyes 
using a photographic method, and a significant 
reduction in the dimensions of the anterior chamber 
was observed as a result of the administration of 
pilocarpine. A significant correlation between depth 
and volume was also noted and the implications of 
this are discussed. 
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Dolamore for secretarial assistance, 
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Early dose response analysis of ocular hypotensive effects 
of propranolol in patients with ocular hypertension 


KARIN WETTRELL ann MAURIZIO PANDOLFI 
From the Department of Ophthalmology, Hospital of Malmé, 


University of Lund, Sweden 


Cumulative evidence indicates that propranolol 
(Inderal®), a 8-adrenergic antagonist blocking both 
6, and £f, receptors, decreases the intraocular 
pressure (IOP). This substance has been adminis- 
tered topically (Musini, Fabbri, Bergamaschi, 
Mandelli, and Shanks, 1971; Bietti, 1972; Vale, 
Gibbs, and Phillips, 1972), intravenously (Phillips, 
Howitt, and Rowlands, 1967; Vale and Phillips, 
1970; Sharaf, Haroun, Ishaac, Shewy, and Nassef, 
1974), and orally (Phillips and others, 1967; Coté 
and Drance, 1968; Ohrstróm, 1973; Pandolfi and 
Öhrström, 1974; Wettrell and Pandolfi, 1975), 
both in healthy volunteers and in patients with 
ocular hypertension or glaucoma. No information 
is available on the dose-intraocular pressure response 
to administration of propranolol. 

The aim of the present study was to determine 
the time-course and dose-response of the intraocular 
pressure of propranolol administered orally to 
patients with ocular hypertension. 


Materials and methods 


"The trial was performed in a single-blind manner with 
the patients being unaware of the dose level employed. 
Two groups each comprising six patients with ocular 
hypertension were studied. The first group consisted of 
four women and two men aged between 65 and 69 years 
with an IOP ranging from 20 to 29 mmHg (Group A). 
The second group consisted of five women and one 
man aged between 43 and 69 years with an IOP ranging 
from 30 to 39 mmHg (Group B). At 8 a.m. on the first 
day of the trial two people in Group A were found to 
have one single [OP value exceeding that for the group 
(one had an IOP of 30 mmHg, the other 32 mmHg) 
but as in neither case was this later observed to rise 
above 30mmHg, these persons were included in 
Group A. All previous treatment, ocular or otherwise, 
was stopped at least 24 hours before the beginning of 
the trial. On the initial visit the patients were questioned 
on previous history of asthma, brochospasm, or other 
states contraindicating adrenergic beta-blockers. Cardio- 
vascular examination was performed and electrocardio- 
grams taken to ascertain their suitability for the study. 

Propranolol or placebo was administered orally in a 
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single dose at 9 a.m. after fasting 12 hours. Two hours 
later, a light lunch was served. Placebo and propranolol 
in doses of 20, 40, and 80 mg were tested at intervals 
of at least 48 hours. 

One hour before and each hour after administration 
of propranolol or placebo the IOP was tested using a 
Goldmann applanation tonometer. After some rest in 
supine position the systemic blood pressure and pulse 
rate were recorded hourly. The tonometer was calibrated 
daily and the systemic blood pressure was measured with 
a sphygomanometer which had previously been tested at 
the local department of medicine. 

All results were expressed as the arithmetic mean -i 
the standard error of the mean, The method of least 
squares (least square line) was used to obtain the dose- 
response curve. The significance of differences was 
calculated by Student's f test. 


Results 


In both groups a decrease in mean IOP was noted 
after one hour, reaching its maximum after three 
hours. The decrease in IOP showed a clear dose- 
correlation (Tables I and II; Figs 1 and 2). The 
maximum mean [OP reduction after 20, 40, and 
8o mg propranolol in Group A was 6:2, 6:9, and 
85 mmHg, respectively. In Group B the corres- 
ponding decrease was 5:8, 7:8, and 9:8 mmHg. A 
similar decrease in mean IOP was also found in the 
fellow eye. Six hours after administration of 
propranolol the mean [OP in both groups was still 
reduced, the reduction still being proportional to 
the dose administered. 

The mean systolic blood pressure decrease was 
only moderate (Table IIT). The maximum fall was 
observed between three and four hours after 
administration of 20, 40, and 8o mg propranolol; 
in Group A it was 10, 25, and 15 mmHg, and in 
Group B 13, 15, and 16 mmHg, respectively. The 
reduction. showed no obvious dose-relationship 
and was never statistically significant with one 
exception. (40 mg propranolol three hours after 
administration). The absolute fall in mean diastolic 
pressure was even slighter and did not exceed 
ro mmHg for any dose level studied. Statistical 
significance was never attained, 

The decrease in pulse rate was appreciable one 
hour after administration of propranolol and 


Table I The time-course of the IOP response 

of six ocular hypertensive patients (20 to 29 mmHg) 
after treatment with placebo and different doses 

of propranolol 





Initial highest IOP 
———— Hours 
Dosage 





d 














Placebo 273 255 242 2385 2312 — 245 243 
Lr26 droz togs +2:26 21°56 +109 tobi 


20 mg 247 243 20:8* Bat iyot 193T 220 
dris +076 tobo +042 troo tos trs 


40 mg 25:7 245  2co2* rpot 163+ rysi root 


brig tog toto oso roa 

















8o mg 260 248 1671 ais31 byp7i as3i rrot 
togs :Log8 koyr :to67 +093 bogo +1290 

Fellow eye 

Placebo 23:8 218 20°5 207 203 20:8 2277 


Erg br r8 irzo 41a toor +154 


20 mg 218 21:5 19:2 iTs* ryo pal o gs 
bobo i076 tobo +043 i693 tozi o7 


4o mg 21'7 2U3 18-0 reSt rgt rbot —rv8* 
do61: i071 trog +065 +oko +2086 ogy 


So mg 217 217  15857' 14ot iy7t e7} rggł 
$O bris i20 trog O92 .kO:)992 :r02 





Values expressed as mean 4 SEM. (mmHg). Statistical significance 
expressed as "(P coos); HP «oon; £P «ooo1) 


Table II The time-course of the IOP response 

of six ocular hypertensive patients (30 to 39 mmHg) 
after treatment with placebo and different doses 

of propranolol 





Initial highest IOP 
Hours 
Dosage 














Placebo 322  3r3 285 295 28o 277 302 
ee e * 

20 mg 32:2 3x8 29°3 232+ 22-2" 258 260% 

40 mg 335 30:8 24:8 azot 


So mg 320 323  238* 190f 1821 rat zroł 








Fellow eye 
Placebo 30'7 29:3 26:8 25:7 26-8 26°2 26-5 
io88 boo i079 +084 079 brig dra 


20 mg 30°58 302 26:8 22775 ax-8+ 242 25:0 
O92 $070 AOD rig brig tros 045 


40 mg 305 28:8 arot 203i sig0f z200* 228* 
+072 i079 troo -ro2 +077 rss rag 
8o mg 207 29:7 227 resto ryz} 187i  aígsi 
Hoy trg tia gro06 rigs ros togs 


Values expressed as mean <-SEM (mmHg). Statistical significance 
expressed as YP <o-05); HP <ovor); HP <o-oor) 





‘FIG. 2 
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FIG. 1 The time course of the IOP response in two cases, 
one from each pressure group, recorded from the eve with 
the highest IOP after treatment with placebo and 
different doses of propranolol. The substances were 
administered at T == o hour 
Placebo (Q-—~ ©), 20 mg propranolol (@——-— @), 40 mg 
propranolol ( ^, ———/^), 8o mg propranolol (y ——- A). 
(A) Initial highest [OP ranging 20 to 29 mmHg, 
(B) Initial highest IOP ranging 30 to 39 mmHg 
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Mean maximum OP decrease + SEM in 

per cent after administration of different doses of 
propranolol 

Initial highest TOP ranging 20 to 29 mmHg (& —— 9). 
Initial highest TOP ranging 30 to 39 mmHg (O e= eu ©). 
(A) Eve with the highest IOP, (B) Fellow eve 


reached its maximum after two hours. The fall in 
pulse rate showed a clear correlation with the doses 
given (Table IV). 

Differences were statistically significant at doses 
of 40 and 8o mg. 


Discussion 


The results of the present study indicate that 
orally-administered propranolol causes a statistically 
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Table III The time-course of the systolic blood 
pressure response of 12 ocular hypertensive patients 
after treatment with placebo and different doses 





of propranolol 
IHIRIBMMAMORETEHEBUULDURATEREDMNDUHATRRARLULULIAPHTRIRHLULULLAVLUPIPERUAULULLREPURIHLULULULLUAUD AR 
Initial Hours 
highest Dodge” creeer errr re 
TOP (mmHg) o 1 a 6 
20-20 Placebo 171: 166 168 167 
i523 38:39 46:29 -for 
20 mg 161 155 158 161 
+327 +342 +559 6°38 
gomg 155 153 143t 159 
i548 X4 23°59 46:88 
8o mg 159 160 153 156 
48:60 4sg1i6 X629 4870 
30739 Placebo 158 158 153 140 
46:57 4863 46:16 «676 
20 mg 151 150 140 144 
LR gt 4- 8:56 RG 4-860 
40 mg 152 142 138 151 
E937 +863 t9'01 4 9o8 
8o mg 156 140 148 148 
+ 6°88 t724 9°83 ee EES. 


nr OT aera an ee BRARAEMOLLLUALLULUUHAPUMRIEUTURHOL LU HUN 
Values expressed as mean + SEM (mmHg). Statistical significance 
expressed as HP <o-o1) 


Table IV The time-course of the decrease in pulse 
rate of 12 ocular hypertensive patients after treatment 
with placebo and different doses of propranolol 











Initial Hours 
highest Dig ee 
IOP (mmHg) o 1 2 4 6 
20-29 Placebo 68-3 68:7 67:7 68:7 71:3 
457 470 tps deó i399 
zomg 623 88-7 59'0 593 6r3 
Lebo b345 £342 2953 £725 
4o mg 61:7 570 s55:o* 60'3 62-7 
dags 43409  d300 3107 3°37 
8omg 63:0 557* $3°3% 583 613 
«453 cks tbi s4 05 23°64 
30-39 Placebo 80:0 79:0 747 78:37 Soo 


E543 5434 376 

20 mg 70:3 67-0 63:3 6go 7270 

: Sg 409 

4o0mg = 717 65-0 s93* 657 69-0 
Es EFA EPE 44g 


8o mg 43:3 sost  so3*  O4o0*  66o* 
toka asb 3x54 423 





Values expressed as mean + SEM (beats/min). Statistical significance 
expressed as "(P «0-05); HP <o-or) 


significant decrease of IOP in intraocular hyper- 
tensive patients which is clearly dose-dependent. 
The reduction was appreciable one hour after 
administration and reached its maximum after 


three hours at all dose levels tested. It was still 
present six hours after the administration. 'T'his is in 
agreement with the recently published study by 
Cuthbert and Collins (1973) in which the plasma 
level after a single oral dose of propranolol (40 mg) 
was at its highest after two to three hours. Also the 
maximum degree of beta-adrenoreceptor blockade 
as judged from the effect on the pulse rate 
(isoprenaline ratio) was observed at approximately 
the same time. However, orally-administered 
propranolol undergoes hepatic metabolism with 
conversion of drug to active metabolites (Fitzgerald 
and O'Donnel, 1971) and, therefore, the drug plasma 
level may not reflect the total beta-inhibitory effect 
of the substance. Topically applied propranolol is 
able to bring about a decrease in [OP which is 
noticeable after one hour and has maximum effect 
after two to three hours (Vale and others, 1972). 
Similar time course of IOP response after intraven- 
ous administration in man was reported by Vale 
and Phillips (1970) although no obvious dose- 
relationship could be demonstrated in these 
experiments; this discrepancy was explained by 
the fact that two different doses (1 and 4 mg) of 
propranolol were used and administered at short 
intervals so when the second and largest dose was 
given the intraocular pressure was already reduced 
and, therefore, a further decrease proportional to 
this dose was difficult to achieve. 

In agreement with Coté and Drance (1968) we 
found an evident reduction of IOP after even the 
smallest dose (20 mg) in both the groups. Note- 
worthy was the fact that the absolute mean [OP 
fall during treatment with similar doses of pro- 
pranolol was greater in the group with higher initial 
IOP, a finding also reported by Coté and Drance 
(1968). 

The decrease in systolic and diastolic blood 
pressure was only moderate and never attained 
statistical significance with one exception. Nor was 
any dose-relationship demonstrated. 

'The simultaneous recording of heart rate in the 
supine position showed during treatment a decrease 
which was significant in both the groups for the 
doses of 40 and 8o mg. The mean maximum fall 
was shown to be after one to two hours with an 
obvious dose-dependence. 

The virtual absence of a significant decrease in 
blood pressure and the lack of correlation with the 
doses administered suggests that the fall in blood 
pressure is not the primary cause of the reduced 
IOP. 


Summary 


Placebo and propranolol (Inderal®) in doses of 20, 
40, and 80 mg were given in a single-blind test to 
two groups of six ocular hypertensives. The groups 


consisted of patients with an intraocular pressure 
ranging from 20 to 29 mmHg and 3o to 
39 mmHg. The doses were given 48 hours apart 
and administered after fasting 12 hours. IOP by 
Goldmann applanation tonometer, systemic blood 
pressure and pulse rate in the supine position were 
recorded hourly before and after administration. 
In both groups a decrease in mean IOP was noted 
after one hour and this reduction reached its 
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Practolol and ocular toxicity 
Antibodies in serum and tears 


A. GARNER axb A. H. S. RAHI 


From the Department of Pathology, Institute of Ophthalmology, 


University of London, Judd Street, London 


The use of practolol, a f-adrenergic receptor 
blocking agent, in the management of cardiac 
dysrhythmia and ischaemic heart disease, is 
associated in a few patients with ocular disturbance 
(Wright, 1974, 1975; Rahi, Chapman, Garner, and 
Wright, 1976). Essentially this presents as a painful 
dry eye with subconjunctival fibrosis and occa- 
sional corneal ulceration. The eye lesions are usually 
associated with skin rash and both are linked with 
circulating antinuclear factors and antibodies which 
attach to the membranes of squamous epithelia 
(Wright, 1975; Rahi and others, 1976; Amos, 
Brigden, and McKerron, 1975). We here report 
our antibody findings in the sera and tears of 
affected patients. 


Patients and methods 


Twenty-two patients who had developed lesions or 
symptoms in the outer eye while receiving practolol 
(Eraldin) were investigated and allocated to one of two 
groups according to the severity of their condition. 
Group A consisted of 14 patients whose complaint of a 
hot, gritty sensation in the eyes was associated with 
reduced tear secretion and an abnormal conjunctival 
epithelium as evidenced by positive rose bengal staining. 
The eight patients in Group B had symptoms but they 
had few objective signs, or none, of ocular disease. Tear 
samples were collected either in capillary tubes or on 
triangular sponges from 15 patients and from 20 healthy 
individuals. Blood specimens were also obtained from 
each patient and from 100 control subjects. 

Levels of serum immunoglobulins G, A, and M were 
estimated using a radial immunodiffusion technique 
(Mancini, Carbonara, and Heremans, 196s). IgM- 
rheumatoid factor and antithyroid antibodies were 
demonstrated using diagnostic kits supplied by 
Burroughs-Wellcome Ltd, while antinuclear and other 
autoantibodies were identified by standard indirect 
immunofluorescent techniques at an initial serum 
dilution of 1 ; 10. Immunofluorescent specimens were 
examined using a Zeiss epifluorescence microscope with 
an FITC interference filter. The incidence of antibodies 
in patients and control subjects was compared using 
the y* test. 

Tear immunoglobulins, lysozyme, transferrin, and 
albumin were demonstrated by immunoelectrophoresis 
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in veronal buffer (pH 8:6, I = oo75) at a constant 
current using polyvalent antihuman sera and antisera 
specific for IgG, IgM, IgA, and the secretory component 
of IgA. Lysozyme formed a characteristic non-immune 
precipitate during electrophoresis, the nature of which 
was confirmed in a few samples by elution and by testing 
against antilysozyme serum on Ouchterlony plates. In an 
attempt to quantify the protein levels the immuno- 
electrophoretic precipitin lines were scored according 
to their length, intensity, and distance from the antibody- 
containing trough. Precipitin lines recognizable only 
after staining with nigrosine were counted as +, while 
those seen in unstained preparations were scored as 
either ---- or +++. In a separate study of the IgA 
content of tears it was found that + represented anti- 


Table I Serum immunoglobulins and autoantibodies 
in control subjects and in patients with 
practolol-induced ocular disease 





Category and no, of — Healthy 





patients subjects Group A Group B 
(100) (14) (8) 

IgG GU ml) 

mean 121 137 123 

range 70-282 98-220 86-163 
IgA (IU/ml) 

mean 125 154 115 

range 64—300 80—240 78-210 
IgM (IU /ml) 

mean 151 142 129 

range 67—300 96-269 100-201 
Autoantibodies 

{per cent positive} 
Antinuclear antibody 15 64 23 
Antinucleolar antibody 2 Nil Nil 
Smooth muscle 

antibody 16 28 13 
Antibody to gastric 

parietal cells 3 Nil Nil 
Antireticulin antibody 2 Nil Nil 
Rheumatoid factor 

(rheumaton test) 9 Ni Ni 


Antithyroglobulin 
antibody 12 14 12 
(dilution 1 : 25) 

AANRAADT DAANAN AAAA: 





FIG. I 


Cryostat sections of rat liver pre-incubated with 
patient's serum and treated with fluorescein-conjugated 
antthuman immunoglobulin, Nuclear staining is of three 


types ; (a) speckled | 750), 
and (c) diffuse ( » 750). Polygonal staining pattern at the 
cell periphery in (c) is due to presence of antibody to 
smooth muscle protein 


470), (b) membranous ( 


Table II 


ocular disease 
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FIG. 2 (Cryostat section of rat stomach pre-incubated 
with patient's serum and treated with labelled antihuman 
IgG showing bright fluorescence in muscularis mucosa: 


and vascular medial tunt 470 

body concentrations of less than 5 mg 100 ml, 
approximated to io mg :oo ml, and corres- 
ponded to a concentration of about 20 mg antibody 
roo ml. 

Results 

The most striking serological finding (Table 1] 
was the increased incidence of antinuclear anti- 
bodies in the more severely affected patients 


(P<o-oo1), the of immunofluorescenct 
including diffuse, speckled, and membranous forms 


A 


incidence of antibody to smooth muscle was also 


pattern 


(Figs 1a, b, c). rather less-distinct increase in 
observed in this group (P «0:05) (Figs rc and 2) 
Levels of immunoglobulins G, A, and M and othe: 
autoantibodies were not significantly different from 
those measured control subjects. The 
appreciable abnormality in the immunoelectro- 


phoresis of tears in the patients was a reduction of 


in onis 


secretory IgA, and this was found more frequently 
in the severely affected individuals (Table I1) 


Immunoelectrophoresis of tears in healthy individuals and in patients with practolol-induced 





Group No. tested Total IgA Secretory IgA 
Healthy subjects 20 
Group A 7 (+ 1°) in 6 
in 2 
Group B N in 
in 
in 


*In one patient involvement was unilateral only: 


un 


N 


secretory IgA was absent from the tears of thi 


IgG Transferrin libumin l vsoz vnm 


affected eve but present i 
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Discussion 


The pathogenesis of the ocular and extraocular 
disturbances which can complicate practolol ad- 
ministration in certain individuals is obscure. IgG 
antibodies with an affinity for the intercellular 
region of squamous epithelium are usually, if not 
invariably, found. They are not obviously associated 
with structural damage to the cells, since they can 
be demonstrated in areas of healthy skin from 
patients with rashes involving other sites and do not 
seem to affect the desmosomes of corneal epithelium 
examined electron microscopically (Rahi and 
others, 1976). Moreover, although fixation of 
complement in the epidermis has been reported 
(Felix, Ive, and Dahl, 1974), we have not been able 
to produce convincing proof of such a reaction in 
ocular tissues (Rahi and others, 1976) and, since 
there is little to suggest an IgE-mediated response 
(Assem and Banks, 1973), there would seem to be 
scant evidence that the antibodies which are 
located in the epithelium have any cytotoxic 
effect. 

The presence of antinuclear antibodies in a 
significant proportion of the patients we examined, 
particularly the more severely affected, invites 
comparison with certain drug-induced syndromes 
which resemble systemic lupus erythematosus. In 
such cases it has been suggested that the drug 
(procainamide, hydrallazine, etc.) is metabolized in 
a way which causes it to react with nucleoprotein so 
that the nucleoprotein becomes  autoantigenic 
(Blomgren and Vaughan, 1968; 'T'an, 1968). So far 
as practolol toxicity is concerned the extent to 
which antinuclear antibody produces tissue damage 
is unknown, although there is one report (Raftery 
and Denman, 1973) of membranous glomerular 
lesions which might be construed as evidence of a 
harmful deposition of nucleoprotein-antinuclear 
antibody complex. 

In spontaneous autoimmune disorders, especially 
those which are organ-specific, it is common to 
find antibodies to a variety of tissues in addition to 
the target organ but, apart from a marginal increase 
in smooth muscle antibodies in the more severely 
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affected patients, this was not a feature of the 
practolol associated disease. 

The absence or reduced amount of secretory IgA 
in the tears is almost certainly a measure of injury 
to the lacrimal gland, since the presence of ap- 
parently normal amounts of unconjugated IgA 
showed that there was no defect in antibody 
synthesis. This finding could be useful in assessing 
the degree of ocular involvement in patients at risk. 
Absence of the secretory component could, 
theoretically, reduce the capacity of IgA to combat 
infection in the outer eye but there is little to 
suggest that this was of practical importance and 
it is to be noted that the secretion of other anti- 
microbial factors, such as transferrin and lysozyme, 
was not noticeably impaired. Whether the paren- 
chymal damage in the lacrimal gland is directly 
produced by the drug or its metabolites or if it is 
related to immunological activity is not known. 
Evidence that practolol may accumulate innocuously 
in lacrimal tissue of laboratory animals is difficult 
to evaluate since the ocular side-effects of the drug 
appear to be confined to man. Possibly the sus- 
ceptibility to ocular disturbance is related to 
peculiarities in metabolism of the drug in a few 
individuals, so altering both nucleoprotein and 
other tissue antigens and rendering them auto- 
antigenic and, at the same time, specifically 
damaging lacrimal gland epithelium. 


Summary 


Serological studies in 22 patients presenting with 
ocular disease attributable to dosage with the B- 
blocking agent practolol revealed a raised incidence 
of antinuclear antibodies. There was also a marginal 
increase in the incidence of antibodies to smooth 
muscle in the more severely affected individuals but 
the incidence of other autoantibodies and levels of 
IgG, IgA, and IgM were within normal limits. 
Semi-quantitative analysis of tears from 14 of the 
patients showed absence or near absence in the more 
severely affected patients of secretory IgA, which 
is indicative of damage to the lacrimal gland. Other 
immunological parameters in the tears were normal. 
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Rapid pneumatic and Mackay-Marg applanation tonometry 
to evaluate the postural effect on intraocular pressure 


M. R. JAIN axb V. J. MARMION 
From Bristol Eye Hospital, Bristol 


Glaucoma is usually considered to be adequately 
controlled when Goldmann applanation readings 
are below 22 mmHg. It is, however, now known 
that the intraocular pressure increases to a varying 
degree when the patient changes his posture from 
sitting to a recumbent position (Galin, Mclvor, 
and Magruder, 1963; Roberts and Rogers, 1964; 
Hetland-Eriksen, 1966a; Inglima, 1966; Tarkkanen 
and Leikola, 1967; Langham and McCarthy, 1968; 
Anderson and Grant, 1973).  Hetland-Eriksen 
(1966a, b) stated that the increase in intraocular 
pressure when in a recumbent position is in some 
way directly proportional to the initial intraocular 
pressure; this complicates our dependence on 
Goldmann tonometry as that procedure is performed 
routinely only in the sitting position. 

The present study, as well as making a clinical 
evaluation of the Mackay-Marg tonometer and the 
pneumatonograph, assesses the relationship of 
various postures to intraocular pressure in normal 
and glaucomatous eyes. The study was conducted 
using two of the more modern rapid applanation 
tonometers: the pneumatonograph (PTG)* and 
the Mackay-Marg electric tonometert as both are 
easily portable and continuously monitor the 
pressure on graph paper, and in addition, they can 
be used in any posture with equal ease and precision. 
Neither do they require the magnification or 
illumination of a slit-lamp nor the use of fluorescein, 
as is essential in Goldmann tonometry. The 
pneumatonograph (Jain and Marmion, 1976) and 
the Mackay-Marg (Kaufman, Wind, and Waltman, 
1970) can be used to record exact pressures in 
cases of ectatic corneas or postkeratoplasty (Irvine 
and Kaufman, 1969) as it is not imperative to apply 
the tip of the probe to the centre of the cornea in 
either procedure. 

The correlation of the PTG (Jain and Marmion, 
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1976) and the Mackay-Marg (Tierney and Rubin, 
1966) with the Goldmann has been shown to be 
significant, although the mean pressures recorded 
by the PTG and the Mackay-Marg are reported to 
be about 1 and 2 mm higher than those using the 
Goldmann. 

The main difference between the two instruments 
is that the pneumatonograph is a combination of a 
pneumatic and an electronic system, whereas the 
Mackay-Marg is purely electronic and, when 
applanated, its recording system is driven by the 
slightest movement of the fuzed quartz plunger rad. 
The pneumatonograph has the advantage that the 
applanation is confirmed by a continuous whistle 
and the pressure can be read instantaneously from 
the digital display as well as from recordings on the 
chart. Applanation is simpler with the Mackay-Marg 
but its accuracy cannot be confirmed and hence it 
is essential to make 4 to 5 applanations each time 
to obtain a correct recording. The Mackay-Marg 
tonometer requires calibration daily before use, 
whereas the PTG need be calibrated only once a 
week. The Mackay-Marg is quicker in the sense 
that single applanation requires only about a second 
whereas the PTG requires 2 to 5 seconds. 

Precise study of amplitude of ocular pulse with 
the PTG is a distinct advantage in the diagnosis of 
carotid occlusion, since the amplitude of ocular 
pulse is significantly affected even in cases with 
20 per cent carotid obstruction (Best and Rogers, 
1974). 


Material and methods 


The cases studied comprised three groups. Group 1 
consisted of 20 normal voung volunteers (40 eves) with 
an age range of between 15 and 29 years. The postural 
study in this group was conducted only by the pneu- 
matonograph. 

Group 2 consisted of patients without glaucoma, 
routinely attending the outpatient clinic and who 
corresponded in age with the glaucomatous subjects. 
Patients included in this group were completely normal, 
cataractous, aphakics, or had defective vision or, in 
some cases, had some retinal disease such as diabetic 
retinitis, retinitis pigmentosa, etc. 
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Group 3 were all patients with open-angle glaucoma 
and were selected as follows: 

Those with previously undiagnosed glaucoma with 

intraocular pressures exceeding 22 mmHg. 

Those receiving treatment but with intraocular 

pressures exceeding 20 mmHg. 

Group 3 also included adequately controlled glau- 
comatous patients who were advised to stop treatment 
for at least 24 hours before the study was conducted, 
Patients in this group were selected according to their 
initial sitting pressure readings using the pneumatono- 
graph. The number of patients included in Group 2 
was 76 (151 eyes) and in Group 3 54 (108 eyes) with an 
age range of between 30 and 85 years. 

The pneumatonograph and the Mackay- Marg instru- 
ments were connected to the mains, adjusted, and 
calibrated as required. The Mackay-Marg tonometer 
used in this study required calibration to 9:5. The PTG 
sensor tip has to be sterilized in 7o per cent isopropyl 
alcohol and a new autoclaved thin rubber tonocover 
was used for each new patient for the Mackay-Marg 
probe. The sequence of examination in this study was 
as follows. 

The patient was comfortably seated erect on an 
examination couch and the eyes were anaesthetized with 
drops of o:4 per cent benoxinate hydrochloride. The 
patient was asked to fix some object and avoid squeezing 
while he held his gaze. The tip of the Mackay-Marg 
probe was applanated to the apical zone of the cornea 
for about half a second. Four to five applanations were 
repeated in each eye. While applanating, care was taken 
that the centre of the probe was the first thing to make 
contact with the cornea and the withdrawal was abrupt. 
Soon after, with the patient in the same position, the 
tip of the PTG sensor probe was applanated to the apical 
zone of the cornea for about two to five seconds. A 
correct applanation was confirmed by à continuous 
whistle from the machine and the intraocular pressure 
was displaved as well as being recorded on the chart. 

Thereafter, the patient was asked to lie face upwards 
on the same couch and, after two minutes, the pressure 
was recorded by both the Mackay-Marg and the PTG. 
The patient continued to lie in the same position and 
the pressure was re-recorded after three minutes using 
the same instruments, Then a pillow with an effective 
thickness of 12:7 cm was placed underneath the patient's 
head and pressure was recorded after two minutes. 
Having done that, the patient was made to sit erect as 
originally and the pressure was recorded at two- and five- 
minute intervals, This way, with both tonometers, six 
separate pressure readings were obtained in various 
postures for each patient in Groups 2 and 3. 

lo make the study more valid the following precau- 
tions were taken: 

1, All measurements were performed by tbe same 

examiner. 

2. The Mackay-Marg tonometer was calibrated daily 
and the PTG once in seven days. 

3. All examinations were conducted on the same 
examination couch and hence the patient was not 
required to walk even a single step. 

4. Patients were requested to keep their eyes gently 
closed during intervals to avoid any evaporation 
from anaesthetized cornea, 


Results 
AGE AND SEX DISTRIBUTION (Fig. 1) 


In Group 1, the average age was 20°75 years and 
all the volunteers were women. In Groups 2 and 3, 
the ages ranged between 30 and 85 years with an 
average of 61°72 years, but in most cases (80:77 
per cent) the ages ranged between 5o and 79 years 
with women predominating in almost all age groups 
giving an overall ratio of 13 : 9. 


PNEUMATONOGRAPH READINGS COMPARED WITH 
MACKAY -MARG 


Fig. 2 is the complete scattergram for Groups 2 and 
3 (259 eyes) The Mackay-Marg readings are 
plotted on the ordinate and the pneumatonograph 
on the abscissa. The correlation coefficient. (R) is 
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FIG. 2. Scattergram showing pneumatonograph and 


Mackay- Marg intraocular pressure readings for 239 eves 
( Groups 2 and 3) in initial sitting posture 
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[Mean intraoculor pressure 





Lt 
Pillow Sitting 
b: after Si min 


9, 
Sitting Supine 


a: after 2 min 
FIG. 3 Mean postural pressures in Group 1 volunteers 
(40 eves) as recorded by pneumatonograph 


ogi. The calculated slope of the line is o:95 (5) 
and the standard error of the slope is o:02. The 
intercept (a) is 1-13 and is interpreted to mean 
that the average Mackay-Marg reading is about 
1 mmHg higher than the pneumatonograph reading. 


POSTURAL CHANGE IN PRESSURE 


Group i (Fig. 3). The mean initial intraocular 
pressure as recorded by the PTG was 15:65 -ozs 


mmiig. There was an average increase in pressure 
of 1-4 mmHg within two minutes after lying supine 
(supine-a), then a slight decrease in supine (b) and 
‘pillow’ positions, but the decrease was significant 
when the patient was again sitting. The mean 
intraocular pressure recorded in the end (sitting-b) 
was o:82 mmHg lower compared with the initial 
sitting intraocular pressure. 

Groups 2 and 3. The results of the mean, standard 
error of the mean, and standard deviations of 
intraocular pressure recordings in various positions 
using the PTG and the Mackay- Marg tonometer for 
Groups 2 and 3, combined and separately, are 
shown in Fig. 4. The mean pressure recordings by 
Mackay-Marg were uniformly higher bv approxi- 
mately 1 mmHg in all positions. Fig. 4 and Table | 
also show that there was a statistically significant 
increase in intraocular pressure when the patient 
changed from sitting to lying. The range of rise in 
pressure in non-glaucomatous subjects was ~2 to 
-8 mmHg and in glaucomatous eyes it ranged 
between o and ro mmHg. The mean rise in pressure 
using the PTG was 2-71, 4:04, and 3:28 mmHg in 
Groups 2, 3, and 2 plus 3, respectively. Using the 
Mackay-Marg it was 251, 3°72, and 2:79 mmHg 
in the same order. After this initial rise, there was 
a slight fall in pressure in the supine posture and a 
greater fall when the pillow was placed under the 
head, but the fall was significant (mean fall ranging 
between 1:15 and 1-95 mmHg) compared with the 
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FIG, 4 Results of mean, standard 
error of mean, and standard 
deviations af pressure in Groups 2, 
3, and 2 plus 3 in various postures 
as recorded by PTG and Mackay- 
Marg tonometer 
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Table I Mean and range of variation tn intraocular pressure in different postures in group 2 and group 3 
separately and combined as recorded by pneumatonograph and Mackay-Marg tonometer 





Pneumatonograph 
Groups 


2 Mean (mmHg) 2:71 026 044 
Range (mmHg) -2to08  -2103 -1to03 ~ 


3 Mean (mmHg) 4:04 0:74 O64 o8; 
-—3 t0 4 —2 t0 3 -2 t0 4 O tO 5 


daeina pananpa 


(108 eyes) Range (mmHg) o to to 


Maniana rk aree erre nire eer rmm nmm mr dime eH eH t À M—À— 








Mean (mmHg) 328 o46 — osa 
Range (mmHg) ~2 to 10 


2 and 3 
(259 eyes) 





~3 to 4 -2103 —2 to 4 Oto 5 


Mackay- Marg tonometer 








5 ! 2 3 4 3 
0:30 FITS 2°51 030 032 Ogi 1°33 
2t03 0to 3 -i tof -2to 4 -1 to 4 -3 to 3 o to 4 
1°36 3:72 0:96 o:86 093 1°95 
Oto 10 -—2t04 —2 tO 4 —3105 otos 
1:32 2°79 O55 O57  Os4 UBI 
-i to 10 -2 fo 4 —2t0 4 —3 to 5 Oto 5 





1 «Supine (2 min) minus sitting (initial); 2 - Supine (2 min) minus supine (3 min); 3 = Supine (s min) minus pillow under head; 
4 Sitting (2 min) minus sitting (5 min); s «© Sitting Gnitial) minus sitting (5 min) 


initial pressure when the patient was again sitting 
(Table I). The variation in pressure was greater in 
glaucomatous than in non-glaucomatous subjects. 
The classical clinical PTG pressure recordings in 
various postures in two typical cases 1s shown in 
Figs 5 and 6. 

The results shown in Table Il explore the 
possibility of any relationship in age with the 
postural rise in pressure. There were few patients 
in the age groups 30 to 39 and 80o-- and if they 
are excluded there would appear to be a direct 
relationship between postural rise in pressure and 


age in the age group so to 79 years in Group 2, 
as shown by recordings of both the PTG and the 
Mackay-Marg (Table II). Fig. 7, which shows the 
frequency distribution of postural pressure rise in 
Groups 2 and 3 at various ages confirms this 
observation. Comparative postural rise to a higher 
degree is evident in older age groups, particularly in 
glaucomatous patients; 16:67 per cent in Group 2 
and 5°34 per cent eyes in Group 3 showed no 
change in pressure as recorded by the PTG, and 
14 per cent of Group 2 even showed a fall in pres- 
sure of 1 to 2 mmHg by PTG. In none of the 





FIG. 5 


Shows clinical PTG pressure recordings of both eyes in various postures—(a) sitting, (b) supine 2 min, (c) supine 


s min, (d) pillow under head, (c) sitting 2 min, (È) sitting 5 min 
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WG. 6 Clinical PTG pressure recordings in three postures—(a) sitting, (b) supine, (c) sulting 
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Table II Mean rise in intraocular pressure in various age groups from sitting to supine (2 minutes) 
posture in group 2 and 3 as recorded by PTG and Mackay-Marg tonometer 





Age groups 


No. of eves 


Group 2 


Group 3 


Pneumatonograph Mackay-Marg 














































Group 2 Group 3 Group 2 Group 3 
30 to 39 20 14 6 2:78 2:83 A S4 202 
40 tO 49 22 is 4 8" 400 2°00 pys 
50 to 59 54 33 21 2773 4°20 2:32 424 
60 to 69 Ja 52 25 2:70 4750 2°45 467 
79 tO 79 75 32 46 yop 4'10 285 4'24 
8o 5 2 6 yoo 317 205 yzi 
Total 259 151 108 16:26 24°54 isi 23:03 
Mean ai pOg 2°51 772 
Groups Intraocular pressure y, SEM SD glaucomatous patients was there any fall in pressure 
37430 14-86 when in the supine position. 
2-534 | 4-95 On the whole, the increase most frequently 
Sc 21 Sitting observed in Group 2 was of r to 2 mmHg in 
3.7 bb | 40 per cent by the PTG and in 46 per cent by the 
3: 6-89 Mackay-Marg, whereas in Group 3 it was 2 to 
2- 5.18 1mmHg. In Group 2, an increase in pressure of 
2 499 supine 5 mmHg or more was observed in 12:67 per cent 
8. 2 H : 2 min using the PTG and 9:34 per cent using the Mackay- 
3. 7:14 Marg, whereas in Group 3 it was 25 and 2778 
3. 7:36 per cent, suggesting higher frequency of high 
: 2. 503 postural change in glaucomatous patients com- 
5 2 3:14 | supine pared with non-glaucomatous subjects. 
v a. Dr 5 min 
= 3- 7-05 Discussion 
9 3° 692 x -— 
3 The first indentation tonometer was introduced by 
o i $ ED 17 : the Utrecht School, but the most reliable instrument 
e 9:31| 0-640 | 3:39 With during the first half of the twentieth century was un- 
: 0:811 0-611 | 3-61 | pillow doubtedly the Schiótz (1909). Weighted applanation 
E i42 130 Sae | tonometry was first conceived by Maklakoff in 1885 
F ; T Sa and a resurgence of interest in applanation tono- 
+3 20:581 2-461 450 | metry in the more scientific form (Goldmann, 1957) 
2 16:54| 0-524 | 307 [Sitting greatly improved the. accuracy of this form of 
| 16-82| 0:542 | 3:19 2min measurement. Both indentation and  Maklakoff 
3| n ae 124 à Rag | applanation tonometry are carried out when the 
patient is lving down. Goldmann applanation 
+f | 3.48 ord 155 tonometry, on the other hand, is carried out when 
2 O-514 12-99 | Sitting the patient is erect. For this, among other reasons, 
0-498 276 |5min it is difficult to compare the two methods. An 
3 3-686 | 6:52 investigation of this difference has led to the 
| 3-562 | 6/40 





SEM: Standard error of mean 
SD =Stendard deviation 
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FIG. 7 Frequency distribution histogram of change in 

pressure from sitting to supine {two minutes) tn relation 
to age groups in Groups 2 and 3 hy PTG and 
Mackay-Marg tonometer 


discovery that postural pressure changes occur, 
but that both the Mackay- Marg tonometer and the 
pneumatonograph operate independently of posture, 

Tierney and Rubin (1966) showed that the 
Mackay-Marg tonometer corresponds with the 
Goldmann applanation method to within 2 mmHg. 
The work of Quigley and Langham (1975) and Jain 
and Marmion (1976) has shown that the PTG and 
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Table III Comparative figures of postural increase in intraocular pressure as observed by various workers 
Pee ee ee nnn nner ren rn nn ERREUR AGAON ARANAN AARAA QUERI ULLUEPLPRILAHPRRNTAHEPERPBPRAREBBUARRI UBINAM meen nmin 


Mean IOP 


No. of — while sitting 
eves ( mmHzg) 
Armaly and Salamoun (1963) 76 14/73 
Galin and others (1963) 40 15:63 
Robert and Rogers (1964) 151 15:80 
Hetland-Eriksen (19662) 76 12'87 
'Tarkkanen and Leikola (1967) 74 150 
Krieglestein and Langham (1975) 90 14/0 
32 [76 
20 25:9 
]ain and Marmion (1976) 
Group 1 4o 15:65 
Group 2 ISI 17°30 
17:92 
Group 3 108 25:69 
26°78 
Groups 2 and 3 259 20:80 
2U84 


Mean increase 
in pressure 


Instrument used 


"———————Á 


(mmHg) Sitting Recumbent 

2:63 Goldmann Goldmann (lying on side) 
3^04. Goldmann Goldmann (lying on side) 
2:20 Goldmann Goldmann (supine) 

474 Goldmann Goldmann (lying on side) 
1740 Mackay-Marg | Mackay-Marg (supine) 
2°50 PTG PTG (supine) 

4°30 PTG P'TG (supine) 

5°00 PTG PTG (supine) 

1°40 PTG PTG (supine) 

Bg PTG PTG (supine) 

2°51 Mackay-Marg Mackay-Marg (supine) 
404 PTG PTG (supine) 

372 Mackay-Marg Mackay-Marg (supine) 
328 PTG PTG (supine) 

279 Mackay-Marg Mackay-Marg (supine) 





Goldmann readings correspond in normal eyes to 
within less than 1 mmHg. The current study on 
intraocular pressure on 259 eyes using the PTG 
and the Mackay-Marg indirectly confirmed these 
observations and showed that the mean reading 
using the Mackay-Marg was higher by 1: 13 mmHg 
than that of the PTG., Consistency of readings in 
each instrument served as a cross check on the 
postural change in intraocular pressure. 

There is a significant increase in intraocular 
pressure when a normal subject changes from 
sitting to lying down. Although Fig. 4 and Table I 
indicate that there is some degree of a decrease in 
pressure within five minutes of assuming the 
recumbent posture, a sample of 15 patients (30 eyes) 
after the initial five-minute period showed a degree 
of consistency in the recordings which suggests 
that any fall occurring after that time would be 
slight. A reduction in the degree of increase in 
intraocular pressure is mitigated by adoption of a 
semi-recumbent position (one pillow) which raises 
the head to about fifteen degrees, and a return to 
the original or less than the original pressure occurs 
on resuming the erect posture. 

The rise in intraocular pressure is dependent 
partly on the initial intraocular pressure, but this 
increase is significantly higher in the 50 to 79 year 
age group. This takes into account the rectification 
required for disparity in numbers, the proportion 
of women to men, and the initial difference in 
intraocular pressures. The results for young people 
correlate well with those of Tarkkanen and Leikola 
(1967), although the average age was higher in their 
report and the mean intraocular pressure slightly 
lower (Table IH). In the older age group compar- 
able to the distribution in chronic simple glaucoma, 


the results obtained confirm those published by 
Armaly and Salamoun (1963), Galin and others 
(1963), and Robert and Rogers (1964). The mean 
postural pressure changes were higher than in the 
Group 2 reported here, particularly in the recum- 
bent position, partly because the patients were 
examined lying on their sides. The results of Quigley 
and Langham (1975) are uniformly higher for 
which there is at present no explanation. 

The principal postural changes in circulatory 
dynamics are related to changes in the blood volume 
which decreases in the erect posture after about 30 
minutes as a result of hydrostatic capillary changes. 
There is a fall in blood pressure in recumbency 
associated with increased minute volume which 
occurs rapidly, usually within 30 seconds. The 
rapidity with which the intraocular pressure 
increases in the recumbent position would indicate 
that this is a reflex phenomenon governed by a 
baroreceptor type mechanism, and the fine adjust- 
ment that can occur in time and on adjustment of 
posture supports this hypothesis. Hydrostatic 
changes as mediated through venous pressure, 
capillary perfusion, and blood volume movements, 
would take longer to produce an effect by change 
‘n posture. Age would also tend to accentuate this 
change and if the baroreceptor mechanism were 
the basis for it, it would be expected that this would 
increase with age. 

The mean postural change in glaucomatous 
patients is significantly higher than in the non- 
glaucomatous group. This is basically in agreement 
with the work of Hetland-Eriksen (1966a) and 
Krieglestein and Langham (1975), but it was 
neither universal nor uniform (Fig. 7); 8 per cent 
of glaucomatous eyes had no change in intraocular 
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pressure, 24 per cent had an increase which was 
within the bounds noted on a normal gaussian 
curve, and an increase in intraocular pressure of 
more than 5 mmHg was observed approximately 
three times more frequently in glaucomatous than 
in non-glaucomatous eyes. The maximum rise 
recorded by us was 10 mmHg in glaucomatous 
eyes and 8 mmHg in non-glaucomatous eyes. The 
glaucomatous eyes take longer to adjust after the 
rise, as shown by the divergence of results in the 
semi-recumbent to erect posture. This reflects the 
inability of the glaucomatous eye to compensate 
for change in pressure and offers a simple testing 
method for potential glaucomatous change in 
aqueous humour dynamics. If the postural changes 
in pressures are going to be used as a diagnostic 
procedure in glaucoma, it is important to take into 
account that aspect of the orientation of the 
pressure, particularly if the postural rise has not 
been very remarkable. 

Four further clinical aspects of the postural rise 
merit consideration. First, the role posture can 
play in the production of change at the optic disc 
in cases of glaucoma and so-called low-tension 
glaucoma where the increased intraocular pressure 
when lying down is associated with a fall in blood 
pressure, although this may be partly mitigated by 
a slightly increased blood volume. Secondly, 
medical treatment cannot be regarded as being 
successful unless the highest intraocular pressure 
can be contained within normal limits for a particu- 
lar eye. This is so for stressful conditions, diurnal 
rises, and also postural changes in pressure. Thirdly, 
the effect of surgery on the postural rise is important 
because of the initial reverse effect during the 
actual operative procedure and, also in the event 
of surgery proving better in controlling the 
glaucomatous rise in recumbency, it would be an 
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indication for opting for this course of treatment. 
Finally, the postural pressure rise should be of 
consideration in all intraocular operations and may 
possibly account for some of the vitreous problems 
such as vitreous upthrust in cataract surgery. 

The mechanism of the glaucomatous postural 
change should be examined further in conjunction 
with phasic variation, plasma cortisone fluctuation, 
and other hydrostatic mechanisms. Such investi- 
gations could possibly give some indication to the 
basic mechanism of the response and the variation 
that occurs. 


Summary 

A postural study was conducted in three separate 
groups of subjects, The first group comprised 20 
women volunteers with an average age of 20°75 
years. In this group, the study was conducted by 
the pneumatonograph only. Mean pressure recorded 
was 15:65 -- 0:25 mmHg and there was an average 
rise of 1:4 mmHg in supine posture. 

Groups 2 and 3 comprised 151 non-glaucomatous 
and 108 glaucomatous eyes respectively in the age 
range of 30 to 85 years. In these two groups, the 
study was conducted using the PTG and the 
Mackay-Marg tonometer. Clinical evaluation of the 
Mackay-Marg with the PTG gave significant 
correlation, with mean Mackay-Marg readings 
being 1:13 mmHg higher. 

The intraocular pressure when changing from 
seated to the supine position increased on average 
by 2:71 and 4:04 mmHg, respectively in Groups 2 
and 3 and by 2:5: and 3:72 mmHg by Mackay- Marg, 
suggesting a higher change in glaucomatous 
subjects. Pressure on resumption of sitting was 
found to be lower than the initial pressure. Postural 
change also showed some direct relationship with 
age in non-glaucomatous subjects. 
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Chronic retinal vein occlusion in glaucoma 


R. A. HITCHINGS anb G. L. SPAETH 


From Moorfields Eye Hospital, London, and Wills Eve Hospital 


An association between acute central retinal vein 
occlusion and chronic simple glaucoma has been 
recognized for many years (Moore, 1922; Braend- 
strupp, 1950; Becker and Post, 1951; Bertelson, 
1961; Raitta, 1965). The incidence of glaucoma in 
acute central retinal vein occlusion ts reported to 
range from 9 to 43 per cent (Braendstrupp, 1950; 
Bertelson, 1961). In most instances, the patients 
were not known to have glaucoma before develop- 
ment of the occlusion (Sugar, 1942; Braendstrupp, 
1950; Vannas and Tarkkanen, 1960); in cases 
in whom glaucoma was present, it was not far 
advanced (Bertelson, 1961; Wise, Dollery, and 
Henkind, 19712). 

The relationship of retinal vein occlusion with 
cases of long-standing chronic simple glaucoma is 
less well understood. Bertelson (1961) did not find 
a single case of central retinal vein. occlusion. on 
reviewing 296 eyes with ‘mainly chronic’ glaucoma 
(Bertelson, 1961). Dobree (1957), in a survey of 
200 glaucomatous eyes, found eight eyes with 
abnormal venous channels on the optic disc that 
might have indicated an earlier central retinal vein 
occlusion. Wise and others (1971b) felt that the 
‘usual type of vein obstruction due to glaucoma ts 
occlusion of the central retinal vein late in any 
kind of chronic glaucoma. The obstruction develops 
insidiously in cases with moderate to marked 
cupping of the disc'. Kohner and Shilling (1976) 
when discussing branch retinal vein occlusions felt 
that a hemisphere vein occlusion, where the occlu- 
sion occurred 'on the optic disc at the edge of the 
optic cup' was a type of vein occlusion unques- 
tionably associated with chronic glaucoma. 

The diversity of opinion prompted this investi- 
gation into the relationship of retinal vein occlusion 
with chronic glaucoma. 

It is the purpose of this paper to describe the 
clinical features of central and hemisphere retinal 
vein occlusion in glaucoma. The incidence of 
these types of retinal vein occlusion in patients 
attending a glaucoma clinic will be given. Finally, 
the effect that those retinal vein occlusions may have 
on the prognosis for the glaucoma will be discussed. 
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Material and methods 


Patients attending the Glaucoma Service at Wills Eye 
Hospital between October 1973 and April 1975 were 
examined for evidence of earlier central or hemisphere 
retinal vein occlusion, Occlusion of the central retinal 
vein was considered to have occurred if retino-ciliary 
collateral channels on the optic disc or vein loops 
on the disc surface, suggesting collaterals within the 
disc, were discovered (Wise and others, 1971c). A 
hemisphere vein occlusion was considered to have 
occurred if veno-venous anastomoses nasal and temporal 
to the optic disc along a horizontal meridian were 
present, 

Patients diagnosed as having suffered an earlier 
retinal vein occlusion were subjected to a full ophthalmic 
examination. This included applanation tonometry, 
gonioscopy, fundoscopy, and an examination of the 
visual field with a Goldmann perimeter using two, 
and usually three, different sized test objects, In addi- 
tion, Goldmann and Hruby lens examination of the 
posterior pole, ophthalmodynamometry corrected for 
intraocular pressure, stereoscopic disc photography, 
and fluorescein angiography were carried out whenever 
possible. (In several patients these examinations were 
precluded by permanently miosed pupils, and/or lens 
opacities.) Particular note was made of the presence or 
absence of spontaneous pulsation of the retinal veins 
on the optic disc, and the existence of retinal haemorr- 
hages and exudates. 


Results 


Eighteen patients——10 White and eight Black-—(26 
eyes) had evidence of earlier central or hemisphere 
retinal vein occlusion. This number comprised 
2 per cent of patients attending the Glaucoma 
Service during the study period. These patients 
could be divided into two groups: 


Group 1: End stage glaucoma : 
a. With venous loops and/or collateral vessels 
identifiable on the optic disc: eight patients, 
14 eyes 
b. With retinal veno-venous anastomoses: four 
patients, four eyes 


Group I]: Early-moderate glaucoma : 
With venous loops and/or collateral vessels 
identifiable on the optic disc: six patients, 
eight eyes 
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(1a) 


FIG. 1 a and b 


(rh) 


/ Patient 6) Demonstrates development of a venous loop (arrowed) within a 22-month perv 





FIG. 2 


End stage glaucoma refers to eyes with a central 
field of 10° or less, or a residual temporal island. 
Early to moderate glaucoma refers to eyes with 
raised intraocular pressures and definitely cupped 
optic discs with visual field loss ranging from 
minimal or no field-loss to a loss of approximately 
one-half of the visual field 


( Patient 16) Multiple venous loops in patient with glaucomatous cupping and no loss of visual field 


The clinical features of thes patients are shown 
in the Table. The development of venous loops 


i 


within a 22-month period is shown in Figs ta, b, 
Patient 6. Marked venous loops in a patient with 
cupping and no field loss are shown in Fig. 2 
Patient 16. Multiple veno-venous anastomoses art 


shown in Fig. 3, Patient 10 


696 British Journal of Ophthalmology 


Table 


Clinical data of patients with chronic retinal vein occlusion 


ee — 


Patient Group Date of Age 
ne. no examination vears) SEN 
1 la 10.01.71 10 Female 
1 3.08.74 $i 
2 la 20.08.74 74 Male 
1 la t$.01.74 hs Female 
$ la 20.11.71 $0 Male 
23.01.78 ķi 
€ la 26.05.70 72 Male 
01.07.74 7^5 
fy la 260.03.7 $1 Female 
15.03.73 $5 
25.01.74 sb 
7 la 25.09.74 ho Female 
N Ib 09.09.74 77 Female 
0 Ib 19.02.72 +3 Male 
20.02.75 4^ 
1O Ib 27.01.75 ,^ Male 
it Ib 15.01.75 7 Female 
I Ik 04.06.75 SS Female 
13 n 01.02.71 17 Female 
17.04.74 50 
17.02.74 si 
14 il 05.01.71 1s Female 
23.03.74 if) 
15 Il 11.01.74 24 Male 
12,060.74 28 
16 H 2.03.75 22 Male 
17 E 10.09.74 50 Viale 
is lI 08.02.71 13 Female 
20.00.73 15 
24.01.75 17 


Race 


Black 


White 


White 


Black 


Black 


White 


Black 


White 


Hla k 


Hlack 
Hlack 


White 


White 


Black 


White 


White 


White 
White 


Visual acutty 


Right 


Left 


* on 


Visual field 
Right 


Central island 
'nchanged 
Temporal island 
Central field 


A 


Central island 


Central island 


5 
C 
Unchanged 
5 
1 Central island 
| 


ower arcuate 


‘Temporal island 
Temporal island 
‘Temporal island 


Superior altitudinal 
hemianopia 

Nil 

Unchanged 

Nil 

& Central island 

& Central island 

Apparentls full 

Unchanged 

Unchanged 

Lower sector defect 

Unchanged 

Lower sector defect 

Unchanged 

Full 

Full 

Nil 

Nil 

Nil 


Left 


Nil 


Unchanged 


Temporal island 


s Central field 

1 Central island 

Linchanged 

+ Central island 

Nil 

Full 

Full 

Full 

Full 

Superior altitudinal 
hemianopia 

Lower arcuate 

Unchanged 

s Central island 

Nil 

$s Central island 

\pparently full 

nchange«d 

nchanged 

ower sector defect 

nchanged 

wer sector defect 

nchanged 

"ull 

"ull 

ower sector defect 

nchanged 


nchanged 


intrao 
pre Siu 


Right 
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FIG. 3 
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‘tical cup) dise Spontaneous venous Systemic Venous loops fi.) or Retinal vein anastomoses 

Q ODM* pulsation ( SVPjt blood pressure collaterals (C) on optic dise temporal to macula 

ht Left Right Left Right Left Right Left Right Left 
ro ac as hits d PE No t, c 
ro e ~ Absent Absent No hoo vc 
oG pe 0 Wes Absent Absent = EC L.C No No 
os ~= Absent Absent 140/90 L L No No 
Qo 9 tQ - — umane — enim -— nom Wem ER 000000000 alim 
rü 75/43 54:42 Absent Absent 16/82 bf Lt NO No 
ro iain: "X LZ Z25ÉÓE Aus NT i L, £ NG No 
ro en Absent Absent 140/86 l La K No No 
ore mom ues fecal uad M oe jeudi des E 
o2 = P NT ios = L No -- T 
o2 — Absent Present ——— — - i No NO AO 
Q4 ss Absent Present ——— — : Is € No No No 
og — -— Absent Present oe L L No Yea 
ag Es us “met wes ee No ^O Yes we 
og 62/35 64/48 Absent Absent 140/04 No oO Yes NO 
o9 — m Present Absent 122/80 No No No Yes 
0'9 — 0o - Present Absent - NO NO Na Yes 
oo 60/17 70/45 Absent Absent — Lk | tome, No NO 
ok EN Ends ENS NE MS pee Z LL Oe P 7 
ok SS MS Medias RET E L Í. Wed 07000000 eeiioe 
os $5/13 60/17 Absent Absent 620/65 Lh L No No 
o9 — —— — — 136/68 No L — — 
o'9 57735 87/35 Absent Absent 128/46 No L. No No 
o8 pe ies — — 118/74 L L — EN 
o8 60/47 60/49 Absent Absent 132/80 L. * No No 
oU; 62/32 64/38 Present Absent 124/80 No i NO Nn 
a4 40/22 §0/22 Present Absent 122/80 No | PNE in No No 
Q3 itia "m "rU T ERE No i» scie usd 
os — ae t “ve 106/62 No L Noo 89a 
o'8 b 37/42 un Absent 106/54 No L se No 





'P referred to as absent only when elicited at, or just below diastolic arterial pressure; and present only when visible at the current intraocular 
essure or with gentle digital pressure 


Fourteen patients (22 eyes) had evidence of an 
earlier central retinal vein occlusion, six eyes had 
readily recognizable retino-ciliary collateral veins 
at the optic disc, the remainder had venous loops 
suggesting retino-ciliary collateral vessels within 
the optic nerve. None of these patients had a 
history of sudden loss of visual acuity and none 
had arterial attenuation or sheathing. One patient 
(two eyes) had (peripheral) retinal haemorrhages; 
these occurred in the only patient with a maculo- 
pathy. No patient had cotton-wool spots. Six of 
these patients underwent fluorescein angiography, 
in no case could fluorescein staining of vessel 
walls, fluorescein leakage, capillary closure, or 
macular changes be seen. Each of these patients 
had non-pulsatile retinal veins at the optic disc, 
ophthalmodynamometry suggesting that in every 
case venous pressure was at or just below diastolic 
‘ophthalmic artery’ pressure. 

Four patients had retinal veno-venous anasto- 
moses indicating an earlier hemisphere retinal vein 
occlusion. No patient had a history of sudden loss 
of visual acuity. No patient had retinal haemorr- 
hages. Each patient had non-pulsatile veins on the 


optic disc. Ophthalmodynamometry suggested a 
marked increase in retinal vein pressure to just 
below diastolic artery pressure in each case. 


Discussion 

INCIDENCE 

Acute central retinal vein occlusion severe enough 
to produce visual symptoms is not infrequently 
associated with undiagnosed and/or ‘not far ad- 
vanced’ glaucoma (Sugar, 1942; Braendstrupp, 
1950; Vannas and 'larkkanen, 1960; Bertelson, 
1961; Wise and others, 1971a). Asyrnptomatic 
central retinal vein occlusion 1s much more likely 
to be overlooked. The 2 per cent incidence of 
central and hemisphere retinal vein occlusion 
found in our series (cf. eight in 200 eyes found by 
Dobree (1957)), is probably spuriously low. The 
fact that no patient in this series was followed-up 
by the clinic from a known acute (haemorrhagic) 
central vein occlusion, is of interest. It might 
reflect a uniformly bad prognosis for all such 
patients in the clinic, progression to thrombotic 
glaucoma precluding their occlusion. It might 
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also reflect their transfer to the Retinal Service of 
the hospital and subsequent loss to follow-up. 


PRECIPITATING FACTORS 


Many factors both systemic and local may decide 
whether, and at what stage of the glaucomatous 
disease, an eye with chronic simple glaucoma 
develops occlusion of the central retinal vein. 
Suggested factors include distortion at the laminar 
cribrosa (Behrman, 1962; Klein and Olwen, 
1956; Emery, Landis, Paton, Boniuk, and Craig, 
1974) and dystrophic changes in the wall of the 
central retinal vein (Verhoff, 1913; Salzman, 1939). 
Each of these factors may have contributed in our 
cases. Arterial disease has been considered an 
important factor (Hayreh, 1965, 1971; Paton, 
Rubenstein, and Smith, 1965). However, in our 
patients, ophthalmodynamometry did not reveal 
low ‘ophthalmic artery’ pressures, nor did fundo- 
scopy reveal gross arterial disease. 

Similar factors may be invoked in the patho- 
genesis of hemisphere vein occlusions; of special 
importance is the distortion of the affected vein 
along its course within an enlarged optic cup 
(Kohner and Shilling, 1976). It was not possible to 
identify the site of the obstruction in any of the 
four eyes with this type of retinal vein occlusion. 
Because of the difficulties in examining these parti- 
cular patients, it was not possible to distinguish 
between upper and lower half retinal vein pressures 
at the optic disc (although this has been done with 
other patients). Similarly, in the one patient who 
underwent fluorescein angiography, it was not 
possible to determine which way, from upper to 
lower half of the retina or vice-versa, the venous 
blood flowed to circumvent the block. 


CLINICAL FEATURES 


Wise and others (1971b) ascribed the mild clinical 
picture of central retinal vein occlusion to a lack of 
functioning retina and reduced inflow of arterial 
blood. The identical clinical picture in eight eyes 
designated early-moderate glaucoma requires an 
alternative hvpothesis. Kohner and Shilling (1976) 
when describing the clinical variations after acute 
thrombosis of the central retinal vein noted that 
mild cases undergo ‘resolution’. According to 
these authors, ‘mild’ central retinal vein occlusions 
have few, if any, initial visual symptoms, the cotton- 
wool spots and haemorrhages disappear and retino- 
ciliary collateral channels develop at the optic 
disc. All except two eyes described in this paper 
fit into this category, 20 eyes showing resolution of 
central retinal vein occlusion, four eyes resolution 
of hemisphere vein occlusion. Only one patient 
(two eyes) was seen with retinal haemorrhages. 


Six eyes had readily recognizable retino-ciliary 
veins at the optic disc, four had veno-venous 
anastomoses draining blood away from the side of 
the obstructed ‘hemisphere’ vein, and the remain- 
der had venous loops at the optic disc considered 
to indicate retino-ciliary collateral vessels. However, 
each patient had a marked increase in retinal vein 
pressure at the optic disc, to levels just below 
diastolic ophthalmic artery pressure. The develop- 
ment of bypass channels had not allowed return of 
a normal pressure differential between retinal artery 
and vein, and the obstruction to central and hemis- 
phere retinal vein outflow must have persisted. 

An alternative explanation for the mild clinical 
symptoms seen in our patients is retinal vein 
occlusion of gradual onset. If enlargement of the 
optic cup in chronic glaucoma with resultant 
distortion of its contained retinal veins 1s a major 
factor in pathogenesis, the occlusion would be slow 
and progressive with a gradual increase in retinal 
vein pressure. The concomitant elevation of intra- 
ocular pressure associated with glaucomatous 
cupping would ensure that there would be no 
marked increase in transmural hydrostatic pressure 
across small vessels from elevated vein pressure 
that might result in intraretinal haemorrhages. 
Long-standing increase in retinal vein pressure at 
the optic disc would allow time for the retino- 
ciliary collaterals of central vein occlusion and 
veno-venous collaterals of hemisphere vein occlu- 
sion to occur. 

Although central or hemisphere retinal vein 
occlusion of gradual onset associated with chronic 
elevation of intraocular pressure would explain the 
clinical features in our patients, it is not possible to 
rule out a mild acute occlusive episode of any of 
them. 

Eight patients were seen after their intraocular 
pressure had been brought under control, with a 
follow-up of one to four years. No patient was 
noted to have developed retinal haemorrhages after 
control of his intraocular pressure, as might be 
expected from the resultant increase in transmural 
hydrostatic pressure across small retinal vessels. 
This may reflect the comparatively slow reduction 
of intraocular pressure achieved by ‘medical’ 
means, it may also reflect changes in the retinal 
vascular system secondary to prolonged increase in 
retinal vein pressure. No patient showed signs of a 
further venous occlusive episode, and none had 
evidence for a marked worsening of his glaucoma 
(but five of the eight patients had end stage glau- 
coma when first seen). Every patient had persistence 
of the venous loops, retino-ciliary collaterals, and 
veno-venous anastomoses where previously noted. 
No patient had developed spontaneous pulsations 
of the central retinal vein, each showing persistence 
of elevated retinal vein pressure, although ophthal- 


modynamometry proved too inaccurate to say 
whether the retinal vein pressures had decreased. 
These unchanging features suggest persistence of 
the retinal vein obstruction throughout this follow- 
up period. To what extent the obstruction is 
reversible is unknown, but if related to distortion 
of the optic cup, it may be permanent. Unless the 
resistance of the new retinal vein outflow system 
diminishes abnormal vascular haemodynamics will 
persist. Elevation of retinal vein pressure reduces 
effective perfusion pressure of the inner retina and, 
probably, the optic disc (but cf. McLeod and 
Ring, 1976). Long-term reduction in perfusion, by 
affecting nutrition could affect function, and 
render the retina and optic disc more susceptible 
to the effects of any subsequent increase in intra- 
ocular pressure. 


Summary 


Asymptomatic chronic retinal vein occlusion that 
occurs in chronic simple glaucoma is described. 
The condition is characterized by marked elevation 
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The presumed ocular histoplasmosis syndrome 
(POHS) has been amply described (Krill, Chishti, 
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1. A disciform macular lesion. 
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Multiple small punched-out choroidal 
atrophic lesions in the fundus periphery. 

3. Peripapillary scarring. 

4. Absence of inflammatory cells in the vitreous. 

5. A positive histoplasmin skin test. 

Many cases included in reports concerning this 
syndrome lack one or more of these features (Krill 
and others, 1969; Gass, 1967; Woods and Wahlen, 
1960; Schlaegel, 1975; Braunstein, Rosen, and 
Bird, 1974). 

Patients with a full-blown haemorrhagic disci- 
form macular lesion in one eye frequently have one 
or more inconspicuous circumscribed white spots 
in the posterior pole of the fellow eye. Most 
believe that haemorrhagic 
disciform lesion arises in the second eye it does so 
from such a previously asymptomatic paramacular 
lesion (Krill and others, 1969; Schlaegel, 1975; 
Gass and Wilkenson, 1972; Smith, Knox, and 


observers when a 


2 April 1970. Disciform 
macular lesion right eye. Centre 
subretinal greyish pink fibrovascular 
mounds surrounded by subretinal 
haemorrhage. Compare subtle 


FIG. 1a, 


choroidal lesions with fluorescein 
angiography ( Fig. 1b) and follow- 
up photographs ( Figs 3a, b) 


FIG. 1b, c Fluorescein angiogram 
right eye on same day confirming 
presence of a subretinal neovascular 
membrane and showing retinal 
pigment epithelial window defects 
at site of arrows in Fig. 1 as well 
as two additional pigment epithelial 


defects temporal to fovea 


Jenson, 1973; Sawelson, Goldberg, Annesley, and 
‘Tomer, 1976). Fluorescein angiography is some- 
times necessary to detect these lesions, which may 
be unapparent ophthalmoscopically (Krill and 
others, 1969; Gass and Wilkenson, 1972; Hyzarinen, 
Lerer, and Knox, 1971). Gass and Wilkenson 
(1972) have documented the development of a new 
peripheral \esion. Krill (1971) and Schlaegel (1972, 
1974) have occasionally observed that typical 
macular disciform lesions develop in second eyes 
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which had previously appeared normal ophthal- 
moscopically, but they have not reported such 
cases in detail. Recently, Ryan (1976) has reported 


a carefully documented case of de novo subretinal 
neovascularization in POHS. 

In this report two cases are considered of 
multifocal choroiditis similar to or identical with 
POHS in which new lesions developed, at some 
time after an initial disciform process, in the retina 
which appeared normal ophthalmoscopically and 
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2 April 1973. Normal 
fluorescein angiograms of left eve 


FIG. 2b 


with fluorescein angiography. ‘These ‘de novo’ 
lesions are documented as occurring not only in 
the initially involved eye, but also in the originally 


uninvolved eve. 


Patients and methods 
CASE REPORT I 


A 39-year-old White man who had been under heavy 
business pressure noted blurred vision shortly after 


FIG. 2a 2 April 1973. Black and 
white print from colour photographs 
of normal left eve 





accidentally striking his right brow against the edge of a 


cabinet. He was seen shortly after this event by his local 
ophthalmologist who diagnosed POHS, started him on 
oral prednisone, and referred him for consultation in 
three weeks’ time. 

On our initial examination on 2 April 1973, the visual 
acuity with correction was 20 50 right eye and 20 20 left. 
The refractive error was -7'25 4°00 axis 100 in the 
3°50 axis 78 in the left. Slit-lamp 
biomicroscopy of the anterior segment and vitreous was 


right eye and -7'50 


normal, Both eyes demonstrated a narrow zone of de- 


FIG. 3a. 8 August 1975. 
Hypertrophic macular scar right 
eye, Previous chorotdal lesions are 
more distinct and new lestons are 
noted (arrow inferotemporal to 
disc indicates one such lesion). 

( Arrow inferonasal to disc points 
to distinct pertpapillary activity) 





pigmentation surrounding the disc. This was thought 
to represent a congenital myopic conus, although no 


other signs of myopic degeneration were present, 
Neither eye had peripheral atrophic lesions. Abutting 
the right fovea was a typical ‘signet ring’ lesion character- 
ized by a roundish greyish to pinkish centre surrounded 
by dark ‘pigment’, which in turn was surrounded by a 
collarette of subretinal haemorrhage (Fig. 1a). Three 
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FIG. 3b 8 August 1975 
Fluorescein angiogram right eve 
confirms presence of previous subtle 
lesions and presence of net 


choroidal lesions 


small (less than 250 um in diameter) circumscribed white 


spots were present, two in the perimacular area 


(Fig. 1 arrows) and one nasal to the disc. Fluorescein 


angiography confirmed the presence of subretinal 
neovascular membrane within the signet ring and a focal 
detachment of the overlying sensory retina (Figs 15, c). 
Hyperfluorescence typical of retinal pigment epithelial 


defect was noted at these three sites as well as at two 
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additional sites temporal to the macula (Figs ta, b, «). 


Photography (Fig. 2a) and stereoscopic fluorescein 
angiography (Fig. 25) performed on the left eve at that 
time showed a normal posterior pole. 

Prednisone was gradually reduced and then dis- 
continued, and the patient was followed-up by his local 
ophthalmologist. The patient was referred again on 
5 August 1975. One week previously he had noted 
distorted vision and decreased visual acuity in his 
previously uninvolved left eve. Three days after the 
onset of symptoms, the referring ophthalmologist had 
again started the patient on prednisone. The visual 
acuity on 8 August was § 200 in the right eye and 20 25 
in the left. In the right eye there was a hypertrophic 
macular scar at the site of the original disciform lesion 
(Fig. 3a). There was depigmentation of the retinal pigment 
epithelium adjacent to this area, The three previously 
noted choroidal lesions were distinctly more prominent, 
and at least three additional choroidal lesions had 
appeared (Figs 3a, b). There was a definite peripapillary 
choroidal lesion inferonasally (Fig. 3a arrow). In the 
left eye there was a grevish subretinal lesion in- 
completely surrounded by subretinal and intraretinal 
haemorrhage (Fig. 4a). Subtle choroidal lesions were 
Fluorescein angiography 
confirmed the presence of a subretinal neovascular 
membrane (Figs 46, c). The lesion marked with an 
arrow in Fig. 4c is hypofluorescent in the early choroidal 
phase and normal fluorescent in the later phase. The 
patient was begun on systemic oral prednisone which 
was gradually reduced during the next three months. 
On 8 September 1975 the patient's visual acuity was 
20 200 right eye and 20 60 left. The previously noted 
incomplete pigment ring and choroidal lesions were 


present (Fig. 4a arrow). 


more predominant. The subretinal neovascular mem- 
brane network had partly coalesced. The choroidal 


FIG, 48 8 August 1975. Left eve 
has a linear subretinal greyish 
membrane incompletely surrounded 
by subretinal and intraretinal 
haemorrhages, Other subtle lesions 
are present, (Example arrow) 


lesions marked with an arrow in Fig. 4a fluoresced at 
this time (Fig. 5) as well as new areas of fluorescence 
(arrow). Additional lesions were present below the 
posterior arcade, 


CASE REPORT 2 


A 36-year-old White woman was seen by us on 
12 December 1972. She stated that seven years previously 
she had noticed decreased vision in her left eve. She 
was initially seen at the University of lowa Hospital 
where a diagnosis of chorioretinitis was made and was 
treated with systemic and topical corticosteroids with 
some improvement. A histoplasmin skin test was 
negative. Her symptoms recurred in the autumn of 
1972, and she was seen at the Mayo Clinic where a 
histoplasmin test was positive. The diagnosis of recurrent 
chorioretinitis presumed to be due to histoplasmosis 
was made. The patient was given retrobulbar cortico- 
steroids. 

On our initial examination on 12 December the 
corrected visual acuity was 20/10 right eye and 20 60 left. 
Slit-lamp biomicroscopy of the anterior segment and 
vitreous Was normal. At that time no peripheral atrophic 
scars were noted in either eye. Peripapillary changes 
were present in both eyes. The right macular region 
appeared normal (Fig. 6). In the left eve (Fig. 7) there 
was a chorioretinal scar just temporal to the fovea. A 
second subretinal scar surrounded by a zone of sub- 
retinal haemorrhage was noted inferotemporally. Over- 
lying both scars was a serous detachment of the sensory 
retina, (‘Atrophic’ choroid spots (Fig. 7 arrow) are 
present within the posterior pole). The patient failed to 
return at that time for fluorescein angiographic studies. 

On 27 June 1973 she returned because vision in her 
left eve had decreased. The visual acuity was 20/20 left 


FIG, 4b, c Case 1, 8 August 1975. 
Fluorescein angiogram left eye 
confirms presence of a subretinal 
neovascular membrane. Early phase 
angiography suggests several foci of 
subretinal neovascularization. The 
choroidal lesion in Fig. 4a ts 
hyperfluorescent early and (4b) 
normal fluorescent in late stages 


eve and 20/200 right. No change in appearance of the 
right fundus was noted and stereo fluorescein angio- 
graphy was normal (Fig. 8). In the left eve the subretinal 
haemorrhage had reabsorbed, and the subretinal fibrous 
tissue was now surrounded by an area of depigmenta- 
tion. Fluorescein angiography (Figs ga, b) showed a 
typical subretinal neovascular membrane with a 
prominent choroidal feeder and two cartwheel neovas- 
cular nets. There was minimal leakage from the sub- 
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retinal neovascular membrane and 


subretinal space 
Neither corticosteroids nor photocoagulation was thought 
to be indicated at that time. 

The patient returned on 8 March 1975 with a three- 
day history of a central scotoma in the visual field of 
her right eve. The visual acuity was 20 15 right eye 
and 10 200 left. Four white spots (Fig. 100) were noted 
near the right fovea. On fluorescein angiography window- 
type pigment epithelial defects were noted in three of 
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FIG. 6 Case 2, 12 December 1973. 
Black and white print from colour 
photograph showed a normal- 


appearing macula (right eve) 


the four lesions, but the lesion immediately temporal to 
the fovea (Fig. 100 arrow) did not Huoresce (Fig. 10b). 
Metamorphopsia was noted on Amsler grid, No central 
defect could be demonstrated on the tangent screen. 
On 20 March the visual acuity was 20 15 right eve and 
20 40 left. The patient was started on prednisone 50 mg 
every other day, but since her symptoms persisted 
despite a stable visual acuity, this was increased to 
100 mg every other day. During the next four weeks. 
she continued to have symptoms. No scotoma could be 


FIG. § Case 1, 8 September 1975. 
Fluorescein angiography left eve 
showed tendency for lesion to 
coalesce. Previous choroidal leston 
from Fig. 4a is now fluorescent as 
well as additional points of 


fluorescence ( arro« Fig. $ 





demonstrated in the right eve with the o 2E test object 
on the Goldmann perimeter. In the left eye there was 


a dense pericentral scotoma to the 5 4E test object. 
Colour vision was normal using the Farnsworth D-:5 
panel. 

No reason could be found for the patient's persistent 
symptoms. Over the ensuing five months the prednisone 
was gradually reduced to 50 mg every other day and 
then maintained at that level, 

On 5 August all four choroidal lesions were more 


MiG. 7 Case 2, 12 December 1973. 
(Left eve) chorioretinal scar just 
temporal to fovea. A small scar ts 
present inferotemporally, partially 
surrounded by zone of subretinal 
haemorrhage. Not shown on the 
photograph ts an overlying serous 
detachment of the sensory retina, 
‘Atrophic’ choroidal scars (arrows) 
are present within posterior poli 





Fluorescein angiography at this time 


pronounced. 


showed, in addition to the three window-type defects 
present on 8 March, slight fluorescence of the lesion 
temporal to the fovea (Figs 11a, b compare with Figs 
roa, b). 

On 10 September 1975 
markedly lessened. 
repeated at this time showed four peripheral punched- 
out atrophic lesions in the right eye and no peripheral 


visual symptoms had 


A peripheral fundus examination 
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FIG, 5. Case 2, 27 June 1973 
Fluorescein angiography right evi 
shows no abnormalities except 
peripapilary scarring 


fundus abnormalities in the left. Fundoscopy. examinis- 
tion on 12 November 1975 showed less prominence ol 
the choroidal lesion temporal to the fovea in the right 


eye and no serous subretinal fluid in the left 


Discussion 


The initial and later Huorescein 


angiography and fundus photograph findings are 


stereoscopie 
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summarized in Table 1. There are five points to 
consider in the cases (Table I). 

PATIENT 1 initially had a subretinal neovascular 
membrane and a disciform process. He did not 


have ‘peripheral’ atrophic lesions, but rather 
circumscribed yellowish white spots within the 
posterior pole of the originally involved eye. He 


had peripapillary depigmentation thought to repre- 





FIG. ya, b Case 2, 27 June 1973. 
Choroidal feeder left eve clearly 
visible to dumbell shape frond of 
subretinal neovascular membrane. 
Minimal subretinal fluid is not 
evident, There was surrounding 
area of depigmentation 


sent a congenital myopic conus. He did not have 
vitreous cells, and was not skin tested. This patient 
went on to develop subretinal neovascular mem- 
brane and a paramacular disciform process in his 
originally uninvolved eye that had been normal 
ophthalmoscopically and angiographically. He de- 
veloped new choroidal white spots in the posterior 
pole in the originally involved as well as the un- 


FIG. 10a Case 2, 18 March 1975. 
Four small choroidal lesions now 
visible (right eve) 





involved eye, and he developed at least one definite 
peripapillary scar and some roughening of a 
presumed myopic conus. 

PATIENT 2 initially had a subretinal neovascular 
membrane and a disciform process. She did not 
have peripheral atrophic lesions, but did have 
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FIG. 10b Case 2, 18 March 1975 
Late venous phase fluorescein 
angiogram (right eye) shows retinal 
pigment epithelial window-like 
defects in two and perhaps three of 
four choroidal lesions. Lesion 
temporal to the fovea (see Fig. 10a 
arrow) does not fluoresce at this 


time, but does later (see Fre. 11b 


bilateral peripapillary scarring. She did not have 
inflammatory cells in the vitreous, and a histo- 
plasmin skin test was negative. She went on to 
develop four choroidal white spots in the macular 
area of the originally uninvolved eye which had 
angio- 


been normal ophthalmoscopically and 
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FIG. 11b Case 2, 8 August 1975. 
Venous phase of fluorescein 
angiogram (right eve) shows, in 
addition to retinal pigment epithelial 
window-type defects of 8/75, 

slight fluorescence of the lesion 
temporal to the fovea (se Figs 

10a, b) 


graphically. She also developed peripheral atrophic 
lesions in the originally uninvolved eve, and her 
histoplasmin skin test became positive. 

The age, race, sex, geographv, emotional or 
physical stress, and bilaterality represented by these 
two cases of POHS are consistent with those 
factors described in large survevs as typical of 


FIG. ra Case 2, 8 August 1975 
Choroidal lesions | right eve) are 
more pronounced, Large round spot 
adjacent to fovea at 3 o'clock is a 


photographic artefact 





1969: Schlaegel and 


POHS (Krill and others, 
others, 1967; Makley and others, 1965; Maumenee, 
1965; Gass, 1967; Woods and Wahlen, 1960: Krause 
and Hopkins, 1951; Van Metre and Maumenee, 
1964; Schlaegel, 1975; Gass and Wilkenson, 1972). 

Both patients are middle-aged Caucasians living 


near the Mississippi River who relate a history of 
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Table I Summary of cases. Initial presentation and findings on follow-up examination 


MMIPIMURISIANAHMIHUHABIHMMMIMUMMMIMBURTTTTTVIMAUHLNUALLNIAURIRHTURIVUAMUBAUUUUARERIUHEINDMLBUURUNHDRUAALUMAHAUIURIUTUEEALLLANIHLUUUURQORLAIAOUAUB UAR AU PSU UURUBAUUIUANUHLLUABVLULAUUARIAUAUAIUPUUNPEUU LA AAA En AU 
Case 1 Case 2 

Symptom Originally involved Originally uninvolved Originally involved Originally uninvolved 
eye eye eye eye 


Subretinal neovascular membrane 


Initial Present Not present Present Not present 
Later Present Present Present Not present 
Atrophic white spot 
Central 30° 
Initial Present Not present Present Not present 
Later Present Present Present Present 
Peripherally 
Initial Not present Nat present Not present Not present 
Later Not present Not present Not present Present 


Peripapillary atrophy 


Initial Questionable 
Later Present 


Vitreous cell 


Initial Not present 
Later Not present 


Histoplasmin skin test 


Initial 
Later 


Not done 
Not done 


Questionable 
Questionable 


Not present 
Not present 


Not done 
Not done 


Questionable 
Present 


Not present 
Not present 


Not present 
Present 


Questionable 
Questionable 


Not present 
Not present 


Not present 
Present 





Table II ‘Classi’ POHS. Percentage of reported 
series conforming to classic POHS and variation 
in macular findings 





Demography 

Age 4th decade 

Race Caucasian 
History of emotional or 

physical stress Present 

Region Mississippi Valley 


Macula of second eye 
Macular involvement 
initially (all forms) 
Asymptomatic atrophic 
spot initially 
Activation of atrophic spot 
on fundoscopy 
Involvement on fundoscopy 
initially normal 

Peripheral spots 


56 to 67 per cent 
24 to 36 per cent 
20 to 24 per cent 


Oo to 2 per cent 
Multiple (greater than 5) 
posterior to equator or 
in peri-equatorial zone 
New spots Rarely 


Peripapillary lesions in one 
or both eyes 70 to 85 per cent 

Histoplasmin skin test 

America 

England 


90 to 100 per cent 
o per cent 





emotional and/or physical stress. Both have bilateral 
involvement with severe loss of visual acuity 
associated with haemorrhage in at least one eye. 

There are several exceptions and variations 
noted in the reporting of the POHS (Table ID. 
First, some reports, especially earlier ones, have 
included cases with some vitreous cells. Secondly, 
10 per cent of American cases and virtually all 
British ones have a negative skin test (Braunstein 
and others, 1974). Thirdly, at least 25 per cent of 
patients do not have peripapillary scarring (Schlaegel 
and others, 1967; Schlaegel, 1974). Fourthly, 
epidemiological surveys attempting to characterize 
peripheral atrophic choroidal scars (Krause and 
Hopkins, 1951) in POHS have greatly clarified the 
appearance of these spots. Yet there are no rigid 
criteria for fa) ‘peripheral’ (? extra macular, 
posterior pole, equator, etc.), (b) number of lesions 
and appearance of these spots. Not surprisingly 
inclusive criteria in various reports range from 
‘every patient had more than one lesion’ to “typical 
findings’ of POHS. 

The reader at this point has decided whether he 
or she accepts both, neither, or one of the cases as 
‘presumed ocular histoplasmosis syndrome’, an 
unrecognized form of retinal pigment epithelio- 
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pathy, or multifocal choroiditis of unknown 
aetiology. The most significant observations in 
these two cases are the occurrence of new choroidal 
lesions in the previously uninvolved eye as docu- 
mented ophthalmoscopically and by fluorescein 
angiography, the development of new choroidal 
lesions within the originally involved eye, docu- 
mentation and early evolution of the initial “basic 
lesion’ (Figs 4, 5, 10, and 11 arrow), and the need 
for angiography for visualizing underlying choroidal 
lesions. 

Patients with POHS-like lesions in one eye and 
a normal posterior fundus in the other should not 
be given an unequivocally good prognosis for the 
second eve. 


Summary 


Two patients with multifocal choroiditis similar or 
identical to POHS are presented. Colour photo- 
graphs and fluorescein angiography document the 
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Treatment of peripheral corneal ulcers by 


limbal conjunctivectomy 


FRED M. WILSON II, MERRILL GRAYSON, ann FORREST D 


ELLIS 


From the Department of Ophthalmology, Indiana University School of Medicine, 


Indianapolts, Indiana 


Peripheral corneal ulcers can still pose difficult 
clinical problems despite therapeutic advances such 
as specific antimicrobial agents, collagenase inhibi- 
tors, heparin, ocular lubricants, biological adhe- 
sives, and soft contact lenses. ‘This paper reports 
the healing of several tvpes of progressive marginal 
ulcers after the excision and recession of adjacent 
limbal conjunctiva (limbal conjunctivectomy), in 
some cases after other modes of treatment had been 
unsuccessful. 


Case reports 
CASE 1, MOOREN’S ULCER 


A 54-year-old Black woman developed a severely 
painful, largely non-infiltrative ulcer of the nasal left 
cornea. The ulcer had an overhanging central edge and 
progressed circumferentially during a period of one 
year to involve nearly the entire corneal periphery 
(Fig. 1a). Progression occurred despite treatment at 
various times with acetvicysteine drops, L-cysteine 
drops, topical and subconjunctival heparin, artificial 
tears, soft contact lens, a short trial of topical cortico- 
steroids, and a trial without any treatment to minimize 
the possibility of overtreatment. Two years before we 
saw her, the patient had lost her other eye from a similar 
process despite heparin treatment and lamellar kera- 
toplasty; the eye had been enucleated to relieve severe 
pain, although the ulcer had not perforated. 

Ocular cultures and scrapings were negative or 
non-contributory. Extensive systemic examinations by 
internal medicine were negative on two separate occa- 
sions except for sporadic increases in immunoglobulins 
M and A. No other evidence was found to indicate the 
presence of autoimmune disease 

After all other therapeutic attempts had failed, we 
performed a 360 peritomy and made contiguous 
cryoapplications to the central and peripheral edges of 
the ulcer. The cryotherapy was performed with an 
Amoils cryosurgical retinal probe which reached tem- 
peratures of —40 to —50 C. Each application was main- 
tained for 10 to 15 seconds. Fibrous tissue began to 
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appear within the ulcer about one week later, followed 
in a few days by superficial vascularization. The ulcer 
had healed and epithelialized three weeks after surgery 
(Fig. 16) and L-cysteine and heparin drops were con- 
tinued for three weeks after it had healed. The ulcer has 





( 15) 


rG. 1 (Case 1). (a) Mooren's ulcer just before 
surgery. All medical treatment had failed to halt 
progression. (b) Complete healing of ulcer after peritom) 
and cryotherapy to ulcer edges 
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FIG. 2 (Case 2). (a) Marginal ulcer of gonococcal 
keratoconjunctivitis after treatment elsewhere with topical 
corticosteroid-sulphonamide. Subsequent treatment with 
systemic penicillin, topical bacitracin, and topical 
L-cysteine produced bacteriological cure, but ulcer 
persisted. (b) Ulcer healed 10 to 14 days after limbal 
conjunctivectomy with recession 


remained healed for more than three years except for 
several minor erosive recurrences for which the patient 
has been given short courses of L-cysteine. 


CASE 2, GONOCOCCAL KERATOCON[UNCTIVITIS 

A 25-year-old White woman developed purulent 
conjunctivitis of the left eye three weeks before exami- 
nation. The discharge diminished considerably after 
she was given a topical corticosteroid-sulphonamide 
preparation by a non-ophthalmic practitioner, but mild 
discharge and redness persisted. 

Examination showed lid swelling, papillary conjunc- 
tivitis, scant mucopurulent discharge, and no lympha- 
denopathy. Just inside the superior limbus there was a 
non-infiltrative corneal ulcer, extending nearly to 
Descemet's membrane in some areas (Fig. 2a). Corneal 
sensation was normal. 

Conjunctival scrapings revealed Gram-negative diplo- 
cocci, mostly extracellular, with moderate numbers of 
polymorphonuclear leucocytes (PMNs). Cultures with 


fermentation tests confirmed the presence of ocular 
(and genital) Netsserta gonorrhoeae. 

The corticosteroid-sulphonamide ointment was stop- 
ped, and treatment with systemic penicillin, topical 
bacitracin ointment, and L-cysteine drops was begun. 

Six days later the eye was essentially white and 
repeat cultures were negative, but the ulcer was not 
improved and was thought to be deeper in some areas. 
We then excised a 4 to 5 mm strip of limbal conjunctiva 
adjacent to the ulcer and loosely recessed (without 
sutures) the remaining conjunctiva to a distance of 
about : cm from the limbus. The bacitracin and L- 
cysteine were discontinued. The ulcer showed early 
fibrosis three days after surgery and was healed and 
epithelialized 10 to 14 days after the procedure (Fig. 2b). 
The ulcer has remained healed for two vears 


CASE 3, RHEUMATOID ARTHRITIS 


A 64-year-old White woman had had severe, immo- 
bilizing rheumatoid arthritis for 17 vears. Her general 
medications were salicylates, indomethacin, and iron- 
ized veast. For six weeks she had complained of bilateral 
ocular discomfort and blurred vision, for which she 
was given an unknown evedrop which provided slight 
and temporary symptomatic improvement. 

Corneoscleral ulcerations, extending to about two- 
thirds of the corneoscleral thickness, were present 
bilaterally, nasally in the right eve (Fig. 3a) and nasally 
and temporally in the left eve (Fig. 35). The ulcerations 
were essentially non-infiltrative, and there was no 
discharge. ‘The eyes were not dry. Slit-lamp examination 
was not possible, but the anterior chambers were grossl\ 
clear, 

Significant laboratory studies included radiological 
changes of rheumatoid arthritis, slightly 
serum albumin, raised serum gamma globulin, raised 
serum immunoglobulins G and M, positive rheumatoid 
factor, and lupus erythematosus phenomenon (LE 
positive fluorescent antinuclear 


dec reased 


prep.), 2 ‘speckle’ 
antibody, increased erythrocyte sedimentation rate, and 
normochromic normocytic anaemia by bone marrow 
examination. 

We began ocular treatment for both eyes with L- 
cysteine drops, sulphacetamide drops, and artificial 
tears. Nine days later the ulcers were larger and deeper, 
and it was feared that perforation might be imminent, 
‘Two weeks after beginning our treatment bilateral 
conjunctivectomy with recession was performed adja- 
cent to the areas of ulceration. Much of the excised 
conjunctiva was bulbar rather than limbal, since the 
ulcers extended on to the sclera. Postoperatively L- 
cysteine was stopped, but sulphacetamide and artificial 
tears were continued. A fibrinous coagulum was apparent 
over all areas of ulceration four days after surgery: some 
of this material appeared to become fibrous six days after 
surgery. After eight days both eyes were healing well 
(Figs 3c, d), and the patient was discharged. Healing 
was soon complete, and there has been no recurrence 
during the subsequent two years. 


CASE 4, KERATOCONJUNCTIVITIS SICCA 


This 72-year-old White woman had been followed-up 
for two years for dry eyes in association with xerostomia 





(3c) 


FIG. 3 
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1d) 


(Case 3). (a and b) Severe bilateral corneoscleral ulcerations in patient with rheumatoid arthritis, Topical 


L-cysteine and artificial tears produced no improvement. (c and d) Eight days after conjunctivectomy with recession all 
ulcerations show healing with fibrinous and fibrous tissue. White areas of sclera appear larger only because more bar: 
sclera is visible after conjunctival excision. Complete healing ensued 


and rheumatoid arthritis (Sjógren's syndrome). Arti- 
ficial tears alone were insufficient; bilateral soft contact 
lenses were prescribed for full-time wear in conjunction 
with sulphacetamide drops and artificial tears, A 


diffuse cellular infiltration of the superficial stroma of 


each cornea appeared four days later. The lenses were 
discontinued, and treatment with topical gentamicin and 
bacitracin ointments and artificial tears was started. 
Small central epithelial defects developed bilaterally six 
days later. The left eye healed and its infiltrate cleared, 
but the right cornea suddenly perforated centrally. We 
applied cyanoacrylate glue and another soft contact lens 
(Fig. 4a), and the anterior chamber re-formed within 
minutes. The glue detached ro days later, revealing a 
raised, vascularized scar over the site of perforation, but 
a large non-infiltrative ulceration developed along the 
entire nasal limbus (Fig. 4b). 

Limbal conjunctivectomy with recession was per- 
formed (Fig. 45), and a fibrinous coagulum with fine 
vascularization began to fill the defect two days later. 


L-cysteine, artificial tears, and the soft lens were con- 
tinued for a few more davs. The eve healed (Fig. 4c) 
and has remained stable for 14 months. The corneal 
scarring and surface irregularities have cleared con- 
siderably (Fig. 44). 


CASE 5, ROSACEA 


A 63-year-old White man was seen for a non-infil- 
trative ulcer of the inferotemporal periphery of the left 
cornea (Fig. 5). After onset about one month previously, 
he had been treated elsewhere with a topical cortico- 
steroid-sulphonamide ointment for an unknown length 
of time. There was no history of rheumatoid arthritis or 
other autoimmune disease. 

The typical findings of rosacea were present on the 
face—that is, erythema, papules, pustules, and telan- 
giectases without comedones. There was clinical evi- 
dence of mild staphylococcal blepharitis bilaterally. 
Rosacea keratoconjunctivitis was present as shown by 


DI 
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FIG. 4 


(Case 4). (a) Cyanoacrylate adhesive and soft contact lens sealing corneal perforation in Sjügren's syndrome. 


(b) Adhesive has detached 10 days later revealing underlying scar. Marginal corneal ulceration has appeared along nasal 
limbus, and conjunctivectomy with recession has been performed, (c) Marginal ulcer healing 10 days after 


conjunctivectomy. (d) Final result seven months later 


dilated conjunctival vessels and peripheral vasculariza- 
tion of the cornea, worse below. The ulcer penetrated 
to slightly more than half of the stromal thickness. 

Conjunctival scrapings were negative. Lid-margin 
cultures revealed a few colonies of Staphylococcus 
epidermidis. 

We began treatment with topical acetylcysteine drops, 
lid scrubs, and bacitracin ointment to the lid margins. 
The referring physician performed limbal conjuncti- 
vectomy with recession, and the ulcer healed in about 10 
days. No further ulceration has occurred in the suc- 
ceeding one year. 


CASE 6, THERMAL BURN 


A 30-year-old Black man sustained first, second, and 
third-degree burns on the chest, face, and both eyes, 
from molten metal. The left eye was destroyed. The 
right cornea was opaque, and there was extensive 
conjunctival ischaemia and necrosis, worse below. 


The left eve was eviscerated. The right eye was 
treated with topical antibiotics and cycloplegia, daily 
lysis of symblepharons, and the insertion of a plastic 
scleral shell for maintenance of the fornices. Two weeks 
later a marginal corneal ulcer appeared inferonasally. 
Topical acetylcysteine drops were started, but the ulcer 
deepened, Perforation was feared, so limbal conjuncti- 
vectomy with recession was performed one week after 
onset of the ulcer. Acetyleysteine drops were con- 
tinued. Vascularization of the ulcer appeared within 10 
days, and it was healed 19 days after the surgery. There 
has been no recurrence of ulceration. 


CASE 7, RHEUMATOID ARTHRITIS 


A 70-year-old White man had had rheumatoid 
arthritis for 40 years, for which he was taking only 
aspirin. One week before our examination he developed 
foreign-body sensation and photophobia of the right 
eye. No ocular treatment had been given. 


We found a relatively quiet, non-infiltrative, ovoid, 
paralimbal ulcer superonasally; it extended to slightly 
more than half of the stromal thickness. There was 
mild hyperaemia and extension of the adjacent limbal 
vascular arcades. The anterior chamber showed 1-4 
flare and cells without keratic precipatates. 

We performed limbal conjunctivectomy with reces- 
sion and started topical L-cysteine drops. Two days 
later the ulcer had partially filled in coincident with 
further extension of the limbal vessels. We continued 
L-cysteine, and healing and vascularization progressed. 
Three weeks after beginning treatment the ulcer was 
healed without staining (Fig. 6), and it has remained 
stable over the intervening four months. 


CASE 8, ULCER AFTER CATARACT SURGERY 
(POSSIBLE MOOREN’S ULCER) 


An 81-year-old White woman had a slightly infiltra- 
tive marginal corneal ulcer in the area of interrupted 
catgut sutures which had been placed at the time of 
cataract surgery in the left eye, four months earlier. The 
referring ophthalmologist had previously tried treat- 
ment with topical corticosteroids and patching without 
success, 

The ulcer extended from 10 to 2.30 o'clock superiorly 
and to about half of the stromal thickness. Treatment 
was begun with topical acetylcysteine and sulphaceta- 
mide drops, but one month later the ulcer was not 
improved. We then advised limbal conjunctivectomy 
with recession. This was performed by the referring 
ophthalmologist about one month later, at which time 
the ulcer had extended to the 7.0 o'clock position nasally 
and to the 5.0 o'clcock position temporally. The pro- 
cedure produced minimal or no improvement. The 
patient subsequently was treated elsewhere with place- 
ment of a conjunctival flap that also became involved 
in the ulcerative process, and finally with a graft of 
mucous membrane in conjunction with lamellar shaving 
of the remaining central island of corneal tissue. She 
has since been lost to follow-up. 


Histopathology 


All of the excised strips of conjunctiva showed 
moderate to large numbers of mononuclear cells 
and smaller numbers of PMNs infiltrating the 
subepithelial tissues. The mononuclear reactions 
consisted mainly of lymphocytes, although scat- 
tered monocytes were also present. All specimens 
except those from the case of rosacea (Case 5) and 
the thermal burn (Case 6) also contained moderate 
to large numbers of plasma cells; Case 5 did not 
contain plasma cells, and Case 6 had only rare ones. 
The conjunctiva from the case of ulceration after 
cataract surgery (Case 8) showed also scattered 
eosinophiles. 

Conjunctiva was not available from the case of 
Mooren's ulcer (Case 1), but we were able to 
examine the patient's other eye, which had been 
previously enucleated. The subepithelial connec- 
tive tissues and superficial sclera adjacent to the 
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FIG. § (Case 5). Corneal ulcer of rosacea kerato- 
conjunctivitis. Healing occurred about 10 days after 
conjunctivectomy with recession, Topical acetyleystein: 
was used postoperatively 





FIG. 6 


(Case 7). Healed marginal ulcer in patient 
with rheumatoid arthritis (ends of scar delineated by 
arrows). Healing was complete three weeks after 
conjunctivectomy with recession. Topical L-cysteine was 
used postoperatively 


ulcer contained extensive infiltrates of lymphocytes 
and plasma cells, in about equal numbers, while 
the corneal ulcer itself showed only a few isolated 
lymphocytes. 


Discussion 


Aviel (1972) reported the successful treatment of 
four cases of Mooren’s ulcer by the empiric use of 
peritomy and cryoapplications to the ulcer edges, 
prompting us to resort to the same treatment in 
our Case 1 after all others had failed. Healing was 
rapid and complete, with no recurrence over a 
period of more than three years. 

There was no ready explanation for the appar- 
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ently beneficial effect of this mode of therapy until 
Brown (1972) incriminated the conjunctiva as a 
source of collagenase and proteoglycanase, enzymes 
that are capable of causing corneal ulceration by 
producing destruction of corneal collagen and 
ground substance. Brown (1972) also suggested 
excision of limbal conjunctiva as a possible treat- 
ment for Mooren’s ulcer and has since alluded to 
the apparently successful use of this treatment for 
rapidly progressing peripheral corneal ulcers and 
scleromalacia (Brown, 1974). We thus began to 
suspect that the successful outcome of our Case 1 
may have been related more to peritomy and 
conjunctival recession than to cryotherapy. In all 
subsequent cases we have omitted cryotherapy 
and have substituted conjunctival excision for 
simple peritomy, with good results in all but one 
instance (Case 8). Whether cryotherapy has any 
value, alone or in combination with conjunctivec- 
tomy, remains to be determined. 

Bloomfield and Brown (1974) confirmed the 
presence of, and partially characterized, a colla- 
genase produced by both normal and inflamed 
rabbit conjunctiva. They thought that the con- 
junctival epithelium was the major source of the 
collagenase. They also cited unpublished studies in 
which they detected collagenase and proteogly- 
canase in conjunctiva adjacent to Mooren’s ulcers. 

The precise origin of conjunctival or corneal 
collagenase in any given clinical situation is un- 
certain. Epithelium in contact with wounded 
stroma (Brown and Weller, 1970), PMNs (Brown, 
Weller, and Akiya, 1970; Brown and Hook, 1971), 
and fibroblasts (Bloomfield and Brown, 1973) have 
all been found to be capable of producing colla- 
genase under various experimental circumstances. 
Factors that may initiate collagenase production 
are also poorly understood. Presumably some 
immunological or traumatic stimulus calls forth and 
activates one or more of the above cell types. The 
presence of plasma cells and lymphocytes in the 
conjunctival tissues that were excised from our 
cases suggests that humoral or cellular immune 
phenomena are operative, although both of these 
cell types are not infrequently found in subepithe- 
lial conjunctival inflammation of various causes 
and may be non-specific findings. 

While removal of proteolytic conjunctival enzy- 
mes or their cells of origin seems likely to be the 
means by which conjunctivectomy exerts its 
beneficial effect, this has not been proved. The 
fact that the procedure causes bleeding, and that 
serum is known to contain anticollagenase factors 
(Eisen, Bloch, and Sakai, 1970; Hook, Brown, 
Iwany, and Nakanishi, 1971; Berman, Barber, 
Talamo, and Langley, 1973), must also be con- 
sidered. Another possible explanation is that the 
surgical trauma simply stimulates vascularization, 


fibrosis, or other non-specific aspects of inflamma- 
tion. If the elimination of conjunctival enzymes is 
critical, it may be important to ensure that the 
recessed conjunctiva does not grow to the limbus 
again before re-epithelialization of the corneal 
ulcer. In some cases the recessed conjunctiva may 
need to be sutured to the sclera well posterior to 
the limbus as is done in the bare-sclera technique 
of pterygium surgery. 

We do not advocate conjunctivectomy with 
recession as primary treatment of every case of 
marginal corneal ulceration. That the procedure 
is not a panacea is clearly demonstrated by its 
failure in Case 8 above. Moreover, marginal 
ulcers comprise a heterogeneous group of diseases, 
and many cases respond well to other modes of 
treatment. Some types are self-limited and do not 
require specific or enthusiastic therapy. A clinical 
classification. of marginal ulcers, which we have 
found to be useful, is given in the Table. The 
superficial infiltrative ulcers are normally self- 
limited or respond well to topical treatment with 
antibiotics or corticosteroids. Corticosteroids are 
generally effective for the non-infectious types of 
deep infiltrative ulcers, whereas these drugs tend 
to worsen most of the ulcers of the deep non- 
infiltrative group, probably because of corticosteroid 
enhancement of collagenase activity. It is this last 
group that seems to respond best to the use of 
collagenase inhibitors, but not invariably so, and 
Mooren’s ulcer 1s notorious for frequently resisting 
all medical treatment. The results of conjuncti- 
vectomy appear to be encouraging for this deep 
non-infiltrative group, but we have had no experi- 


Table Typical clinical characteristics of 
peripheral corneal ulcers* 





Uleer infiltrative 
Superficial Phiyctenule 
Catarrhal infiltrate 
Trachoma pustule 
Gold hypersensitivity 
Deep Wegener granulomatosis 
Polyarteritis nodosat 
Ulcerative colitis 


Non-tnfiltrative 

Vernal ulcer 

Neurotrophic and 
exposure ulcer 


Rheumatoid arthritis 
Lupus erythematosus 
Diffuse systemic sclerosis 


Gonorrhoea] Nlooren's ulcer $ 
Bacillary dysentery Chemical burn 
Psoriasist Erythema multiforme 
Bacterial and fungal Ocular pemphigoid 
ulcers Radiation 
Rosacea ** 


Vitamin A deficiency ** 





*Herpes simplex, varicella-zoster, and vaccinia infections are 
variable and can exhibit any of the above patterns 

+Polyarteritis and psoriasis ulcers can occasionally be non-infiltra- 
tive 

tGonorrhoea and other typically infiltrative diseases can become 
non-infiltrative after treatment with antibiotics or corticosteroids 
§Although Mooren’s ulcer typically begins and progresses with 
mild, grey, corneal infiltration, the cellular response is unimpressive 
for the degree of ulceration. 

**Rosacea and vitamin A deficiency ulcers can be infiltrative, parti- 
cularly with secondary infection or microbioallergy 


ence with the procedure for the deep infiltrative 


"^ group. Additional knowledge and experience are 


necessary before we shall know the true value, 
indications, and mechanisms of action of con- 
junctivectomy. 


Summary 


We report the rapid healing of several cases of 
marginal corneal ulceration of various aetiologies 
after the excision of a 4 to 7 mm strip of adjacent 
limbal conjunctiva. After conjunctivectomy the 
remaining conjunctiva was loosely recessed (without 
sutures). In one case with coexisting scleromalacia, 
we excised strips of adjacent bulbar conjunctiva 
with equally good results. Some of the cases had 
failed to respond to other modes of treatment 
including topical collagenase inhibitors. 

One case responded to peritomy and cryotherapy 
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to the ulcer edges, but we have abandoned this 
treatment in favour of conjunctival excision. 
Limbal conjunctivectomy with recession — 18 
presumed to act by eliminating conjunctival 
sources of collagenase and proteoglycanase. 


Addendum 


Since this paper was submitted for publication, two 
additional papers concerning the histopathology and 
conjunctival proteolytic enzymes of Mooren's ulcer 
and the use of conjunctival excision as treatment 
have been published (Brown, S. I. (1975), Brit. 7. 
Ophthal., 59, 670 and 675). 
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Pterygium and its relationship to the dry eye in the Bantu 


LEON GOLDBERG asp ROBERT DAVID 


From the Department of Ophthalmology, University of the Witwatersrand, and 


Baragwanath Hospital, Johannesburg, South Africa 


The many diverse theories put forward to explain 
the pathogenesis of pterygia testify to the fact that 
their aetiology has as yet not been adequately 
explained. In recent years ultraviolet irradiation 
(Cameron, 1962; Elliot, 1966; Peckar, 1972) and 
microtrauma (Kubik, 1975) have been suggested 
as being major environmental predisposing factors. 
One theory is that tear film abnormalities cause 
local drying of the cornea and conjunctiva which in 
turn predisposes to these new growths (Barraquer, 
1965; Elhot, 1966; Mackie, 1971; Greer, 1972; 
Paton, 1975). Elliot (1966) stated that the sequence 
was ultraviolet light causing drying and that this 
was followed by the pterygium. These theories 
have been supported by studies of geographical 
distribution (Cameron, 1962)—pterygia appearing 
to occur more frequently in hot, dry climates—~and 
by clinical and biochemical studies of the tear film 
(Mackie, 1971). Our study was undertaken to 
investigate the correlation between the occurrence 
of pterygia and the 'dry eve'. 


Material and methods 


Both the patients with pterygia and the controls were 
drawn from Bantus living in Johannesburg, South 
Africa (latitude 26°S), an industrial urban area with 
more than 250 sunny days a year. This area is within 
the latitudes 30^ N and S where the incidence of 
pterygia is regarded as being highest (Cameron, 1962). 

Forty-three patients with unilateral and eight with 
bilateral pterygia (s9 eyes) and 23 normal subjects 
(46 eyes) aged between 44 and 79 years of both sexes 
were studied. The patients presented with one of three 
complaints: cosmetic, optical, or those due to secondary 
infection. No age or sex differences were found. 

As the 'dry eye' is defined as being either a quantita- 
tive or qualitative dysfunction of the tear film (Dohlman, 
1971), we submitted all our patients and controls to 
Schirmer’s tests and fluorescein break up time tests. 
The Schirmer’s test was used to determine the quanti- 
tative tear formation. 12 mm wetting or more on the 
5 X30 mm strip of N° 41 Whatman filter paper after 
five minutes was considered to be normal (Moses, 1970). 

The fluorescein break up time test was used to 
measure the quality of the tear film (Girard and Moore, 
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1969). A sterile Ayerst fluorescein strip was used and the 
tear film break up studied using the Cobalt light attach- 
ment of the Haag-Streit goo slit-lamp. An intact tear film 
after 30 seconds was considered to be normal (Norn, 1969). 

These tests were done when there was no clinical 
evidence of superimposed infection or other irritation 
which could predispose to excess tearing. 


Results 


The patients and controls were divided into two 
groups; those in whom the results of both Schir- 
mer's and fluorescein break up time tests were 
normal and those in whom either or both tests were 
abnormal according to the above criteria (Table I). 

Of the 59 eyes with pterygia, 19 showed normal 
tear film and 40 showed some abnormality, whereas 
in the 46 control eyes 15 were normal and 31 
abnormal. These results were analysed statistically 
and the difference was shown to be of no signifi- 
cance (x° with 1° of freedom o; P— not significant). 

Twenty of the patients with unilateral pterygia 
had the results of these investigations on the 
affected eve compared with those of the fellow 
eye (Table ID. This showed that eight of the eyes 
with pterygia and nine of the normal eyes had 
normal tear films. This was again not statistically 
significant (y* with 1° of freedom-«o; P-—not 
significant). 


Discussion 


The finding of so many ‘abnormal’ results in both 
Schirmer's and fluorescein break up time tests 
in the trial groups and controls in spite of the fact 


Table I Results of tests for patients and controls 
PATER ESAE TEASER EATARRA RR TT TTT En TOE 





Test Patients — Controls 
Normal, Schirmer's 
Normal, fluorescein break up time 19 15 
Abnormal, Schirmer's E 
Normal, fluorescein break up time 10 ty | 
Abnormal, fluorescein break up time " i 
Normal, Schirmer's 9 4 " P 3 

1 
Abnormal, fluorescein break up time 
Abnormal, Schirmer's 21i 13 


Table II Patients with unilateral pterygia 











Eye with Unaffected 
Test pterygium eye 
Normal, Schirmer's 
Normal, fluorescein break up time 8 9 
Abnormal, Schirmer's E 
Normal, fluorescein break up time 2 X 
Abnormal, fluorescein break up time ] is i 
Normal, Schirmer’s 5 3;f! 
Abnormal, fluorescein break up time 
Abnormal, Schirmer's 5 7 





that in none was there any symptom that could 
be related to 'dry eye', emphasized the present 
inadequacy of these gross tests. The Schirmer's 
test has been described by Wright (1971) as being 
the ‘only practical test of tear flow’ but being ‘of an 
unphysiological variety’. 

'This study has been one of many into the 
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function of tears in the eyes of patients with 
pterygia. De Ocampo, Valenton, and Chavez (1969) 
could not show any relationship between the pH of 
the tears and incidence of pterygium in a population 
group in the Philippines. Our study using these 
gross tests, has failed to support the hypothesis of 
Mackie (1971) and Paton (1975) who support a 
primary tear film abnormality predisposing to 
pterygium formation. 

If the mechanism of production of ptervgia is 
initiated by ultraviolet light, as suggested by 
Elliot (1966), it has not been shown to be mediated 
by its effect on the tear film. 


Summary 


A comparative study was performed on two 
groups of Bantus in Johannesburg to see if there 
was any relationship between the ‘dry eve’ and 
pterygia, but no correlation was found. 
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Dacryolith formation around an eyelash 


retained in the lacrimal sac 


JEFFREY L. JAY ann WILLIAM R. LEE 


From the Tennent Institute of Ophthalmology, University of Glasgow, Glasgow 


Chronic dacryocystitis with mucocele of the 
lacrimal sac is common in cases of epiphora, but 
the initial factor causing obstruction of the naso- 
lacrimal duct often remains uncertain and patho- 
logical examination of excised lacrimal sac tissue 
commonly shows a chronic, non-specific inflam- 
matory reaction. On rare occasions a dacryolith has 
been found within the inflamed sac but most of 
these dacryoliths have occurred in association with 
mycotic infection and usually accompany the 
more common canalicular concretions (Duke- 
Elder, 1974). Four cases have been reported in 
which Candida albicans infection was considered 
the initiating factor (Fine and Waring, 1947; 
Wolter, Stratford, and Hamell, 1956; Wolter and 
Deitz, 1963), but Jones (1965) failed to find any 
evidence of yeast-like cells in 25 casts from cases of 
naso-lacrimal obstruction. In one case of argyrosis 
reported by Grónvall (1944), a laminated dacryolith 
had formed round a black central nidus of silver 
salts; from another patient, Kofler (1941) described 
a stone with coarse scaly masses at its centre. 

It 1s possible that the initiating factor could be 
the presence of a lash trapped in the lacrimal sac. 
'The following report describes such a case. 


Case report 


A ss-vear-old man had complained for 10 months of a 
watering and irritable left eye. The condition began 
with pain at the inner canthus and there was a profuse 
yellow discharge, The yellow discharge was only partly 
controlled by antibiotic drops. 

Examination revealed a palpable mucocele of the 
lacrimal sac and digital compression produced muco- 
purulent reflux from the puncta. Syringing of the 
lacrimal passages and macrodacrocystography confirmed 
the site of obstruction at the lower extremity of a 
distended sac. The control film showed no evidence of 
calcification within the lacrimal apparatus and no 
filling defect was detectable in the contrast medium 
filling the dilated sac. A mixed growth of coagulase 
positive staphylococci and diphtheroids was cultured 
from the discharge. 
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Dacryocystorhinostomy was performed and when the 
lacrimal sac was incised, copious mucus spilled out to 
reveal an elongated yellow dacryolith which was im- 
pacted in the upper end of the naso-lacrimal duct. This 
was submitted to pathological examination together 
with the excised posterior flaps of the sac wall and nasal 
mucosa. 

The patient had no further symptoms and was 
discharged from supervision four weeks after the 
operation. 


PATHOLOGICAL FINDINGS 


The biopsies of the sac wall showed ulceration of the 
mucosa and non-specific inflammatory infiltration of 
the fibrotic wall. The nasal mucosa contained a scat- 
tered lymphocytic infiltrate, 

The dacryolith was Y-shaped (6 «1: mm) and the 
surface was nodular (Fig. 1). Microscopical examination 
revealed a hair in the centre of one limb of the Y-shaped 
structure which was otherwise composed of layers of 
basophilic granular and  eosinophilic homogeneous 
material interposed with layers of polymorphonuclear 
leucocytes and lymphocytes (Fig. 2). In Gram-stained 
sections bacteria were seen as Gram-positive cocci 
(1 um diameter) in chains (Fig. 2 insert). An additional 
feature was the presence of yeast-like structures (2-4 uum 
diameter) which stained with periodic acid-Schiff stain 
and had a clear capsule (Fig. 3). The alizarin and von 
Kossa stains for calcium were equivocal although the 
appearance of the basophilic granular material in the 
matrix was suggestive of dystrophic calcification. 

In an attempt to clarify the structure of the dacryolith 





FIG. I 
Y-shaped bifurcation and nodular surface. X 10 


The gross appearance of dacryolith showing 
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although occasional mitochondria could be identified. 
The dimensions of these organisms were similar to 
those described for Candida sp. (see Carbonell, 1971) 
Bacterial forms were not present in this region of the 
material. 












Discussion 


In patients who complain of conjunctival irritation 
it is not uncommon to find an eyelash within one 


FIG. 3 Yeast-like organism surrounded by hyaline 
material. Note the clear capsule. Periodic acid- Schiff 


1000 


FIG. 2. (a) A low power view of dacryolith showing 
the hair in centre of specimen. Haematoxylin and eosin. 

« 40. (b) A higher power showing edge of the hair, 
lamination of hyaline material and inflammatory cells. 
Haematoxylin and eosin. » 250. Insert shows cocci in 
granular debris. Gram. ~ 1000 


further, the remainder of the tissue was removed from 
the paraffin block and processed for electron micro- 
scopy, using the technique described by Jensen (1974). 

In the tissue available for study, lymphocytes and 
polymorphonuclear leucocytes were identified, but 
many of these cells were degenerate and in some areas 
there were circular bodies of vesicular and granular 
nature which could have been derived from cell break- 
down (Fig. 4). Elsewhere the ground substance was 
amorphous but was lined by a zone of granular electron- 
dense material. Hydroxyapatite crystals were not identi- 
fied in the electron-dense zones (Figs 4 and 5). 

The yeast cells were surrounded by an electron- 





lucent zone which was probably a retraction artefact FIG. 4 Electron micrograph showing amorphous 
because elements of the capsule could be identified in material with electron-dense border. Ground substanc: 
these spaces. The cell wall was thin (approximately (below) has granular and fibrillar consistency and 

s mm) and the cell membrane was invaginated. The contains round bodies which are probably cellular 


detail of the cytoplasmic organelles and nuclei was lost breakdown products. <30 ooc 
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FIG. 5 Electron micrograph of a yeast within fibrillar 
and granular ground substance, amorphous component 
of the ground substance is shown below. =~ 35 ooo 


of the lacrimal canaliculi. The end of the lash 
projects from the punctum and rubs on the adjacent 
bulbar conjunctiva. We have seen two examples 
of this type of conjunctival irritation and Boase 
(1949) reported a similar case with a localized 
granulomatous reaction in the conjunctiva. Cilia 
have been found very rarelv in the lacrimal sac 
although it is possible that thev may either be 
destroyed by an acute inflammatory reaction 
within the sac or continue downwards and escape 
into the nose. Some support for the latter hypothe- 
sis 1s produced by Gundersen (1942) who described 
a cast containing a cilium which had been blown 
out of the nose in a case of naso-lacrimal obstruc- 
tion. One of the casts described by Jones (1965) 
also contained a lash. 

The histological examination of the dacrvolith 
provided similar information to that previously 
described (Duke-Elder, 1974). There is general 
agreement that a foreign body, in association with 
secondary inflammation, acts as a nidus for depo- 
sition of various types of material—for example, 
hbrin, cellular breakdown products, bacteria, fungi, 
and mucoprotein substances—and it is assumed 
that the last acts as a ground substance for calcium 
deposition. The ultrastructural variations in the 
matrix support the concept that there is wide 
chemical variation in the layers of the dacryolith. 
Although precise chemical identification is not 





possible with electron microscopy, it is a valid 
technique for the demonstration of hydroxyapatite 
crystals which are participating in dystrophic 
calcification. It is therefore of interest that hydroxy- 
apatite was not identified in the material studied, 
so that if calcification were occurring it was unlikely 
to be by the mechanisms association with cell 
mediated calcification (Anderson and Reynolds, 
1973). 

The demonstration that the Candida sp. organ- 
isms were confined to a localized zone of the 


dacryolith suggests that the fungal infection 





(6a) 





(6b) 


FIG, 6 Scanning electron micrographs of surface of a 
human eyelash. (a) Low power view of hair shaft. x 600. 
(b) A higher magnification to show the stepped ridges 
which impart preferential movement in direction of 
arrow. 3000 


occurred at a specific time in the evolution of the 
dacryolith. 

It is interesting to speculate how a pliable lash 
is able to enter the punctum and pass onwards into 
the canaliculus. Stern (1952) noted that a lash is 
thicker than the narrowest part of the canaliculus 
and he suggested that the lash might be sucked 
along the canaliculus. 

It seems more likely that the movement in the 
canaliculus is the result of the surface features of 
the hair itself. The surface structure of a human 
eyelash can easily be demonstrated by scanning 
electron microscopy (Fig. 6). The illustration shows 
an imbricated surface resembling the overlapping 
scales on a fish. This dictates a preferential direction 
of movement towards the root end of the lash as 
indicated by the arrow in Fig. 6. A simple demon- 
stration may be performed by placing a hair between 
the two index fingers and rubbing gently to and 
fro along the length of the hair. It will always move 
towards its root. Although most reports of eyelashes 
found in the lacrimal canaliculi do not specify 
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which end of the lash had entered first, the root 
was leading in the cases seen by the authors and 
those described by Stern (1952) and illustrated by 
Werb (1971). 


Summary 


A dacryolith was discovered in the lacrimal sac 
during a dacryocystorhinostomy for chronic dacry- 
ocystitis in which there was mucocele formation. 
Morphological examination confirmed the presence 
of an eyelash at the centre of the stone and electron 
microscopy demonstrated the presence of fungi 
(Candida sp.) in a matrix which was of markedly 
variable morphology. 

The mechanism by which a hair enters the 
punctum and passes along the canaliculus may be 
attributed to the step-like pattern of ridges on the 
surface of a hair. The directional nature of these 
ridges dictates preferential movement towards the 
root end of the hair and prevents movement in 
the opposite direction. 
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Plastic surgery on the upper eye-lid after 


enucleation of the eye 


OTTO RIEBEL 


From the Department of Ophthalmology, Medical Faculty Hospital, 


University JEP Brno, Czechoslovakia 


The removal of an eye not only means loss of 
sight to the patient, but it produces a cosmetic 
blemish, 

The principal cosmetic imperfections are: 


1. Restricted movement of the prosthesis. 
2. An obvious deep groove in the upper eye-lid. 


Restriction of movement of the prosthesis can 
be partially overcome by the use of various types 
of implant (Hughes, 1948; Jendralski, 1:941; 
Knobloch, 1940; Vanysek, 1951). 


Address for reprints: Professor MUDr. Otto Riebel, Head of 
Department of Ophthalmology, Medical Faculty Hospital, Uni- 
versity JEP, Brno, Czechoslovakia 
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Treatment of the deep groove in the upper lid 
which is a constant operative result of enucleation 
in the absence of a buried implant, 1s the subject of 
this clinical note. 


Operation procedure 


The basis of the operation is to separate the 
middle third of the tendon of the upper lid levator 
from the tarsal plate and stitch this prepared 
strip to the periosteum of the upper edge of the 
orbit (Fig. 1). The aim of the operation is the 
return of the tarsal plate and the upper lid to its 
preoperative position (Figs 2 and 3). 


FIG. 1 After exposing the tendon of 
the upper lid levator a stitch is put 
mto the middle third of the tendon. 
This part of the muscle is clipped 
away from the tarsal plate and with 
help of lengthwise incisions a muscle 
lobe is created and fixed to the 
periosteum of the orbital edge 
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FIG. 2 The preoperative state : deep groove of the upper lid after enucleation of left eye 





FIG. 3 The state after plastic surgery. The upper lid has returned to its original position and the deep 
groove has disappeared 
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Book reviews 


Immunopathology of the Eye. By A. H. 5. RANI 
and A, GARNER. 1976. Pp. 343, figs, cables, refs. 
Blackwell, Oxford (£11-50) 


The emergence of the vertebrate phyla has been accomp- 
anied by the evolution of an elaborate system for the 
recognition and elimination of both invading pathogens 
and abnormal mutant cells. Phylogenetic studies indicate 
that the ability to mount a specific immune response to 
potentially harmful agents 1s correlated with the presence 
of lymphoid tissue. The central role in this protective 
mechanism is the lymphocyte, regarded until quite 
recently, as a phlegmatic spectator. Herein lies the main 
theme of Immunopathology of the Eve. 

The authors have described step-by-step the reward- 
ing paths of research which were followed in the recog- 
nition of this highly complex and subtle mechanism. The 
existence of two distinct populations of lymphocytes, the 
nature of antigens, the structure and specificity of anti- 
bodies, the types of hvpersensitivity and the concept of 
tolerance to the body's own tissues are all clearly 
described and their individual influence is discussed. 

The eye has a unique place in immunology by virtue 
of its two avascular structures, the cornea and the lens, 
which are almost isolated from this system. ‘The vascular 
uvea and the conjunctiva, however, provide centres for 
lymphoid reaction. Furthermore the absence of lym- 
phatic drainage in ocular tissues amounts to a loss of the 
afferent limb of the immune response. Ocular antigens 
have no alternative but to drain into the blood stream 
and thus diluted may fail to stimulate any lymphoid 
reaction or alternativelv, if their concentration is high 
enough, evoke a generalized response. 

Applying these fundamental concepts to the various 
ocular structures, chapters follow on the conjunctiva and 
eyelids, the cornea, the uvea, lens, retina, optic nerve, 
and orbit. The immunology of ocular tumours has 
deservedly a section of its own and the chapter on ocular 
involvement in systemic disorders leads us towards an 
understanding of the aetiology of a group of diseases 
which have baffled the greatest medical minds since the 
beginning of time. A final chapter on the mode of action 
of some of the immunosuppressive agents brings to a 
close an absorbing account of ocular immunopathology. 

The authors are to be congratulated on summarizing 
present knowledge of this difficult and expanding 
subject in such a way as to make it understandable to the 
clinician and investigator alike. Apart from its undoubted 
practical and scientific value their survey cannot fail to 
recall in the reader that sense of wonder which all 
students of medicine have experienced at some stage in 
their career and perhaps have lost awhile. 

S. J. H. MILLER 


Neuro-ophthalmology. By R. SACHSENWEGER. 
1975. Pp. 627, 332 figs, 32 tables, refs. Thieme, 
Leipzig (DM 107) 

This book compares unfavourably with most English 
language texts on the subject. It contains no references 
(only a list of monographs at the end) so it must be 


considered purely as a textbook, and as such it is a 
formidable introduction to a complex subject. On the 
credit side the specialty has been fully covered by the 36 
contributors with the exception of investigative proce- 
dures where the role of fluorescein angiography is 
understressed and no mention is made of the recent 
important advance in neuroradiological techniques with 
the introduction of the EMI scanner. The section on 
neuroanatomy is excellent and the text is adequately, 
although not profusely, illustrated in monochrome. 
R. COAKES 


Symposium on Glaucoma. By O. M. FERRER. 
Pp. 260, figs, tables, refs. Thomas, Springfield, 
Illinois (522:50) 


As one glaucoma symposium follows another the 
question must arise as to whether their frequency is 
justified by the rate at which new information about 
glaucoma is being accumulated. But perhaps these 
symposia have functions other than the communication 
of the latest research work; perhaps they provide a 
milieu for sober reflection on the significance of new 
findings when the first flush of optimism has faded and 
the time 1s right for the real value of these new findings 
to be communicated to those who have the task of 
looking after patients with glaucoma. Such is the 
impression gained from reading the account of the 
proceedings of the sixth meeting of the Horacio Ferrer 
Eye Institute held in Miami in March 1973. Compared 
with some other symposia there is relatively little about 
the physiology of the intraocular pressure and most of 
the material is presented in terms of its practical appli- 
cation, the main topics covered being the optic disc and 
the importance of its assessment in the diagnosis and 
management of glaucoma, medical treatment, and 
surgery. A quick way to learn most of the important 
points which were raised is to read the 10 pages of the 
preface. On the technical side of the publication, it is a 
pity that the quality of the paper is not matched by the 
typographical standard because there are several 
spelling mistakes and similar errors. It does not take 
long to read this book and it is time well spent if one is 
looking for good commonsense ideas about glaucoma 
in clinical. practice. J. GLOSTER 


The Wilmer Ophthalmological Institute: The 
First Fifty Years, 1925-1975. By M. E. RANDOLPH 
and R. B. WELCH. 1976. Pp. 216, 78 figs. Williams 
and Wilkins, Baltimore ($12) 


A golden commemoration is, and has long been, an 
occasion for congratulation, and when the anniversary 
concerns the Wilmer Ophthalmological Institute in 
Baltimore, opened in 1925—22 years before our Insti- 
tute in London-——to the congratulation must be added 
rejoicing in view of the immense value its influence has 
had on the development of ophthalmology in America 
and elsewhere. 

The story of its birth is interesting. Like most golden 


events it was all due to a woman. Mrs Aida Breckinridge 
was one of those typically American women-—handsome, 
intelligent, and immensely determined. Fortunately for 
Johns Hopkins she developed glaucoma; more fortu- 
nately her surgeon was Wilmer; most fortunately the 
operation was a success. She considered that Wilmer 
deserved a better milieu than was afforded by the 
Episcopal Eye, Ear, and Throat Hospital in Washington, 
although he had the largest and most distinguished 
private practice in America, Mrs Breckinridge's views 
can clearly be understood for Wilmer was the handsom- 
est man the reviewer has seen and one of the most 
charming and, withall, an excellent ophthalmologist and 
surgeon. So with the utmost zeal and determination, 
with the help of the Rockefeller Foundation and Johns 
Hopkins Hospital, she collected $3 700 ooo and the 
Wilmer Institute was born. 

This book divides the history of the first 50 years of 
the Wilmer Institute into three eras, the periods of its 
three directors and professors: The Wilmer era 1925-34, 
the Woods era 1934-55, and the Maumenee era 1955—98. 
At first the Institute took over a somewhat rundown 
building in the hospital complex until a new building 
was completed in 1929, and before Wilmer retired 
subdepartments of pathology, physiology, bacteriology, 
chemistry, and physiological optics had been established 
and the Institute had become recognized as one of the 
leading centres in ophthalmology. Woods's directorship 
saw further growth and expansion and a great enhance- 
ment of its reputation, partly due to the unique achieve- 
ments in research of Alan Woods himself and the 
amazingly comprehensive original and classical work of 
Jonas Friedenwald. When on the retirement of Woods, 
Edward Maumenee, an old Johns Hopkins student, was 
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enticed from the chair at Stanford University to return 
to the Institute its work and influence steadily increased, 
despite the premature and lamented death of Frieden- 
wald. During his tenure, in 1964, the Woods Research 
Building and the Friedenwald Library greatly increased 
the capacity of the institution together with the reno- 
vation of the whole building. 

This book gives these events in a fascinating and 
detailed way. It tells how ophthalmology evolved 
during those so years, the changes in cataract and 
retinal and vitreous surgery, the rise and decline of 
Woods's belief that tuberculosis was the cause of 
uveitis and in its treatment by the use of 'barrels of 
tuberculin' and later of streptococcal vaccine, and the 
host of medical and technological advances that have 
characterized these years, particularly in Maumenee's 
time. 

The book has also great personal interest. There are 
full biographies of the three directors, of Jonas Frieden- 
wald, Frank Walsh, Charles Ilitf, Louis S1loan—and the 
artist, Annette Burgess. Not the least feature of interest 
is the record, with photographs, of the house-staffs 
during these years; it is extraordinary how many of 
them have disseminated into responsible posts all over 
the United States, and how different they look now 
compared with their appearance in their youth. 

In this volume we almost have a history of American 
ophthalmology over half a century. For indeed the 
Wilmer Institute has been fortunate—in the ability of 
its directors, in the great mass of medical clinical 
material available to it in Johns Hopkins Hospital, 
and in the availability of superb laboratories for the 
basic sciences in the associated university. 

STEWART DUKE-ELDER 


The Page and William Black Postgraduate School of Medicine 


New York, 22 January 1977 


A postgraduate course on ‘Dyslexia: current develop- 
ments’, co-sponsored by the New York State Branch of 
the Orton Society Inc, under the direction of Virginia 
Lubkin, mp, FACS, will be held at the Mount Sinai 
Medical Center. 


Further information may be obtained from the 
Director, The Page and Wilham Black Postgraduate 
School of Medicine, Mount Sinai School of Medicine, 
Fifth Avenue and rooth Street, New York, NY 10029, 
USA. 


Seventeenth Annual Instructional Course in Contact Lens Fitting 


New Orleans, 17-19 February 1977 


The Rudolph Ellender Medical Foundation (an AMA- 
approved course in continuing medical education) will be 
presenting its seventeenth annual instructional course. 
Special convention room rates will be offered by the 
Fairmont Hotel. 


Further information may be obtained from Jos. A. 
Baldone, mp, President, Rudolph Ellender Medical 
Foundation Ine. Roof, Delta Towers, New Orleans, 
70112, USA. 
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. Obituary 


Edmund B. Spaeth, MD, 1890-1976 


Edmund Benjamin Spaeth died on 18 August at the age 
of 86 in the Chestnut Hill Hospital, Philadelphia, after 
a short illness. 

Mr Keith Lyle writes: Many of us will remember Ned 
(as he was known to his friends) as a frequent visitor to 
this country, usually in. the summer when he often 
attended the Oxford Ophthalmological Congress. He 
and his wife Lea were delightful companions at any 
gathering and made friends with evervone they met. For 
several successive years at Oxford it was traditional for 
some of their old friends to join them on the first night of 
the congress for a private dinner party at the Randolph 
Hotel where their favourite meal was a mixed grill 
followed by strawberries and cream— sometimes they 
were hosts and sometimes some of us were. These 
evenings were always great fun but when Ned felt it was 
time for bed he would diplomatically get up from his 
chair and say, ‘Well folks it has been grand to see you 
all again’. This was a signal for the party to break up. 

He gave several papers at Oxford which were always 
interesting and well presented. He kept closely to his 
text and rarely exceeded the time allotted to him. 

1 think he was at his best when doing a difficult opera- 
tion in his home surroundings at the Wills Eve Hospital. 
i well remember in the 1950s arriving on a Saturday 
afternoon at Philadelphia on my way to Washington, and 
calling at the hospital to see if Ned was around. To my 
joy he was just about to start removing an orbital tumour. 
He invited me to watch. It was a specially interesting 
case and he was having the operation filmed. Not only 
was his surgical expertise a pleasure to behold but he 
had the capacity to demand a high standard of efficiency 
from his two assistant surgeons and the entire theatre 
staff. His enthusiasm was quite infectious. There was 
never a dull moment during the operation which took 
I hour and so minutes. 

Edmund Benjamin Spaeth was born in Webster New 
York on 22 April r89o. His father was a Lutheran 
Minister and had intended his son Edmund to follow 
in his footsteps, but the boy declined to do so and at the 
age of r4 went to work so as to pay for his board and 
lodging at home. 


Erratum 


His medical studies were conducted at the University 
of Buffalo where he obtained his MD in 1916. He was 
an intern at the Arnot-Ogden Memorial Hospital 
Elmira, New York, in 1916—17, and then served in the 
US Army Medical Corps from 1917 to 1926 where he 
rose to the rank of major. 

In 1927 he took up the practice of ophthalmology in 
Philadelphia, subsequently holding the post of Professor 
of Ophthalmology of the Graduate School of Medicine 
at the University of Pennsylvania 1934-55, and later 
Professor Emeritus. He was also Vice-Dean of Ophthal- 
mology 1934-55 and Chairman of the Department of 
Ophthalmology 1943-55. He was consulting ophthal- 
mologist at the US Naval Hospital and at the Graduate 
Hospital of the University of Pennsylvania, and con- 
sulting surgeon at the Wills Eye Hospital, Philadelphia. 
He gained many medical awards including the Ophthal- 
mic Medal of the University of Buffalo and also the 
Lucian Howe medal in 1927. In 1966 he received the 
Ophthalmology Alumni Award in honour of being the 
first Chief of Ophthalmology at the Walter Reed General 
Hospital, 1924—26. 

He took great interest in plastic surgery and was a 
founder member of the American Board of Plastic 
Surgery in 1939. He was also a Fellow of the American 
College of Surgeons, of the American Academy of 
Ophthalmology and Otolarvngology, of the Philadelphia 
College of Physicians, and the Pennsylvania Neurological 
Society, He was author of Ophthalmic Plastic Surgery 
and of the Principles and Practice of Ophthalmic Surgery. 

He is survived by his wife and four sons, one of whom, 
George, is an ophthalmologist; 11 grandchildren and 
two great grandchildren, and also a sister. Apart from 
ophthalmology he was devoted to music and a regular 
attender of the Bayreuth and other musical festivals. 

Ned's life was characterized by enthusiasm, fearless- 
ness, honesty, and a capacity for hard work. What he 
accomplished he did bv his own efforts, As a father he 
was always fair if sometimes a little stern, but he was 
very proud of the achievements of his children. Ned and 
Lea were a truly devoted pair and their life was a 
splendid example to others. 


CHERRY, P. M. H., and GARNER, A. (1976) Corneal neovascularization treated with argon laser. Brit. J. Ophthal., 60, 467 


108 mW should read 100 mW. 
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Editorial: Progress in surgical management of ocular trauma 


The availability of new methods of treatment and 
the development of new instruments has had the 
effect of a fairly rapid evolution in the treatment of 
perforating injuries to the eve, leading to an 
obvious improvement in results. 

No longer is the retention of a safe eye a satis- 
factory criterion of success; we must now aim 
also at a return to normal function. 

The trends have been largely predictable. The 
most important has been the control of infection 
which in the past not only led to a rapid destruction 
of the eye but also precluded any primary surgery 
other than an immediate repair and closure of the 
wound often after the sacrifice of parts of the uvea 
and other intraocular contents. 

It is difficult to imagine that it was sometimes 
only possible to cover a leaking corneal wound 
with a conjunctival flap because surgical facility 
was less available and suture materials were too 
coarse for accurate repair. 

The introduction of the operating microscope 
into ophthalmology and the finer instruments and 
materials which followed led to a more accurate 
control of wound closure and easier reconstruction 
of the normal anatomy of the eve. 

Re-formation of the anterior chamber with air 
helped to improve results but the re-formation of 
the chamber with a physiological solution reflected 
a more accurate wound closure—watertight instead 
of airtight. 

Not long ago any iris which was prolapsed 
would be excised; a few surgeons were tempted 
to replace iris which appeared undamaged in a 
fresh perforation just as they would trv to replace 
an iris prolapse which occurred after intraocular 
surgery. The result of this action was unexpectedly 
good; the eye with replaced iris was often quiet 
more quickly than a similar eye in which iris had 
been abcised. Not only that but the eye would 
have the advantage of a normally acting iris 
diaphragm and a more normal cosmetic appearance. 

Repair of a torn iris diaphragm is being performed 
more widely and is likely to become the common 
practice when surgeons are convinced of the safety 
of iris suturing. 'lhe re-formation of the iris 


diaphragm helps to prevent anterior svnechia of 
the iris to the wound or the angle. 

Thus the last few years have seen the development 
of more complex reconstruction and more com- 
prehensive primary surgery. Many eves which 
would have been lost can now be seen to recover 
not only potential function but also a true return 
to binocular vision. 

Further progress is to be expected in the 
management of traumatic cataract. It is possible 
to go further in primary surgery than simply 
removing swollen lens matter. Instruments with 
controlled infusion and aspiration coupled with 
cutting devices and ultrasound emulsification make 
it possible to remove the whole of the lens cortex 
with a chosen portion of the Jens capsule. If 
damage involves the vitreous as well then a partial 
vitrectomy can prevent the rather serious compli- 
cations of coexistent lens and vitreous damage. 
There is a suggestion that in cases of early infection 
and when inflammatory membranes are beginning 
to form, the radical approach can be extended to 
the removal of infective and inflammatory. foci 
with improved results. 

some of the fields of advance are still contro- 
versial. The use of an intraocular lens to replace a 
traumatic cataract is advocated by some and 
condemned by others. There can be no doubt, 
however, that if a safe intraocular lens is available 
then its use in such cases permits a closer approach 
to normal function than by any other means. 

These comments are related to the advances in 
the treatment of perforating wounds of the eve. 
The prognosis in blunt injury has also benefited 
from better appreciation of the pathology of vitreo- 
retinal adhesions and the risks of retinal detachment. 
Progress in the treatment of burns has shown the 
need for early protection and deferred re- 
construction. 

Trauma is not the most prevalent cause of 
blindness in the world but it is certainly the 
commonest cause of unilateral loss of vision and it 
affects all countries. It has been justifiably included 
among the major projects in this Prevention. of 
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Perforating injuries of the eye 


ELIZABETH M. EAGLING 
From the Birmingham and Midland Eye Hospital 


This review was undertaken to evaluate the outcome 
of the current management of perforating eye 
injuries in order to determine reasons for failure to 
achieve a satisfactory result, and to see where 
further improvement may be possible. 

Since the advent of microsurgical techniques, 
better wound closure and re-formation of the 
anterior chamber have led to a greatly improved 
prognosis for perforating eye injuries (Roper-Hall, 
1959). Attention has subsequently been directed 
towards the management of intraocular damage: 
the safety of repositing an iris prolapse with an 
improved visual and cosmetic result has been 
reported by Callaghan (1956) and by Stein (1958), 
while immediate aspiration of a damaged lens was 
recommended (Roper-Hall, 1959) to reduce sub- 
sequent intraocular inflammation. More recently, 
Coles and Haik (1972) stressed the importance of 
performing an extensive anterior vitrectomy in 
badly injured eyes to limit the development of 
intraocular fibrosis leading to phthisis and retinal 
detachment. 

In this present study, 228 patients with perforat- 
ing eye injuries (nine bilateral) have been reviewed ; 
all were admitted to the Birmingham and Midland 
Eye Hospital between 1971 and 1974. This study 
does not include patients with small intraocular 
foreign bodies and a sealed entry wound, as these 
constitute a different clinical problem. 

Since the complications of perforating eye 
injuries are now determined Jargely by the extent 
of intraocular damage, a simple classification on 
this basis was adopted. Injuries were divided into 
four groups as follows: Grades 1 and 2 were 
injuries confined to the anterior segment; lacera- 
tions of the cornea or anterior sclera, with or 
without uveal prolapse, were classified as Grade 1, 
but if lens damage was also present, they were 
classified as Grade 2. Injuries involving the 
posterior segment with vitreous loss were classified 
as Grade 3, while the more extensive injuries 
involving both anterior and posterior segments— 
that is, both lens damage and vitreous loss-—were 
classified as Grade 4. 

This paper is concerned with the outcome of 
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the -injuries confined to the anterior segment 
(Grades x and 2), since the injuries involving the 
posterior segment have been discussed elsewhere 
(Eagling, 1975). However, the figures relating to 
the pattern of injury and the overall visual outcome 
for the series as a whole are included. The figures 
given for the visual outcome of Grade 2 injuries 
differ from those previously reported (Eagling, 
1975); this group was reviewed again one year 
later, since at the time of the first review, surgical 
treatment of lens damage was incomplete in many 
patients. 


Surgical management 


The surgical repair of these injuries was performed 
within a few hours of injury in almost all patients, and 
the following technique was employed: wounds were 
explored to their full extent; prolapsing uveal tissue 
was reposited if it was healthy and no infection was 
present, but if the iris was atonic or badly damaged 
or the wound was infected, this was abscised. The 
policy regarding a damaged lens varied: if soft lens 
matter was present it was washed out, but only in a 
small percentage of patients was immediate aspiration 
attempted, or complete extraction performed by an 
ab externo approach, after primary closure of the 
laceration. Vitreous presenting in the wound was 
abscised, and after wound closure with either 8:0 virgin 
silk sutures or 10°0 monofilament nylon sutures, the 
anterior chamber (or posterior segment) was re- 
constituted with air or saline. The follow-up period 
ranged from six months to five years. 


Results 
PATTERN OF INJURY 


The age and sex distributions (Table I) show a 
similar pattern to those of the previous series 
(Roper-Hall, 1959; Johnston, 1971); the commonest 
injury was a simple laceration to the anterior 
segment (Grade 1), but a significant proportion 
(25 per cent) had the worst category of injury 
(Grade 4). 

The aetiology of the injuries in this series 
compared with that of a similar series from this 
hospital of 17 years ago (Roper-Hall, 1959) is 
presented in Table II. There has been a dramatic 
increase in the number of perforating eye injuries 


Table I Age and sex incidence, and the spectrum 
of injury 





Age No, Percentage Spectrum of injury 


(vears) 


Grade No. Percentage 


11-20 62 27 M M——— M cá Hm m 
21-30 50 22 I 07 41 
31-40 26 11 2 3 18 
41-50 I8 7 3 37 16 
50> 16 7 4 60 25 





Sex ratio: 
Males = 178, Females = 50— male preponderance of a5 : 1 


Table II Aetiology (including a comparison with 
the previous series from this hospital) 








Percentages 
Cause No. 1976 1959 
Road accident 22 31 2 
Child play 61 26 7 
Occupational 36 153 4T 
Domestic 34 14 20 
Assault, bombs 19 8 I 
Outdoor 9 4 6 
Sport 6 2 3 





caused by road accidents and, with the exception 
of one bomb-blast victim, all the bilateral per- 
forations were from this cause. Conversely, the 
incidence of occupational injuries has fallen 
considerably. 


OVERALL VISUAL OUTCOME 


Table III gives the visual outcome for each grade 
of injury, and for the series as a whole: as expected, 
very few eves with injuries confined to the anterior 
segment lost all useful vision, and these were due 
to established infection from delayed presentation. 
For injuries involving the posterior segment onlv 
(Grade 3), the visual outcome was predominantly 
good, and those who eventually lost all useful 
vision did so as a result of late traction retinal 
detachment. The combined anterior and posterior 
segment injuries (Grade 4) had the worst outcome, 
but many of these had no visual potential before 
repair. The factors contributing to a poor outcome 
for Grade 3 and 4 injuries, and the suggested 
management, have been discussed in detail else- 
where (Eagling, 1975). 

Only one patient in the whole series developed 
sympathetic ophthalmitis, representing an inci- 
dence of less than o:5 per cent. The injury in this 
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patient was from a dart, with both lens and posterior 
segment damage, but the immediate postoperative 
course was satisfactory with 6/:2 vision, and the 
development of sympathetic ophthalmitis had not 
been anticipated. 


OUTCOME OF ANTERIOR SEGMENT INJURIES 
Grade 1 injuries (97 injured eyes) 


This group of patients had corneal or scleral 
lacerations confined to the anterior segment, with- 
out lens damage. Although 94 per cent of patients 
in this group achieved 6/12 vision or better when 
corrected, problems arising from corneal scarring 
and astigmatism detracted from the final outcome. 

A vascularized scar was often a complication of 
an anterior synechia to the wound: 69 patients from 
this group, who presented with either an iris 
prolapse or with iris incarceration in. the wound, 
were studied to see if the position of the wound, 
and the surgical management of the iris prolapse 
influenced the subsequent incidence of anterior 
synechiae: the results are presented in Table IV. 
Both factors were found to affect this: à wound 
crossing the limbus had a higher incidence of 
anterior synechiae compared with central wounds: 


Table IIl. The overall visual outcome 





Grades 
i 2 3 4 Total 
Good outcome 
(percentage) 
6/6-6/12 corrected 04. Ost 57 153 658* 
Bad outcome (percentage) 
Inaccurate perception 
of light--excised I 2 a7 60 i8 





*Figures revised from those reported previously, see text 


Table IV The incidence of anterior synechiae in 
relation to wound position and surgical management 
of uveal prolapse 





Wound 

Limbal : Central : 

Anterior Anterior 
Iris synechia Nil svnechia Nil Total 
Abscised 4 i2 o 5 21 
Reposited 17 If 4 16 45 
Total ay 21 4 21 69 


Le 
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NN Wounds more thon of the corneal diameter 


FIG. 1 Wound astigmatism related to the size of the 
corneal laceration, Grade 1 injuries 


synechiae occurred more frequently after repositing 
an iris prolapse as compared with abscision. 
Wound astigmatism, requiring either spectacle 
or contact lens correction, affected half the patients 
in this group. The principal factor contributing to 
this was wound size (Fig. 1); patients with lacera- 
tions involving less than one-third of the corneal 
diameter had a low incidence of astigmatism and 
many achieved good vision unaided, while those 
with lacerations exceeding one-third of the corneal 
diameter had significant astigmatism requiring 
correction to achieve good vision; a third of the 
latter had astigmatism exceeding 4:0 dioptres, and 


- in some patients, the error was as high as roo 


dioptres. However, with the exception of two 
young children, who had become amblyopic, all 
these could be corrected to 6/12 vision or better, 
and corneal grafting was not required. 

The 30 patients with lacerations exceeding one- 
third of the corneal diameter were studied further 
to see what other factors might be involved: the 
incidence and degree of astigmatism was no 
greater for those patients with complete transverse 
lacerations as compared with those affecting one- 
third to two-thirds of the corneal diameter. The 
shape of the laceration was not a significant factor: 
linear lacerations were present as often as flap or 
complex lacerations, and astigmatism was associated 
with axial and peripheral lacerations alike. Of the 
I3 patients with astigmatism exceeding 4:0 dioptres, 
only one had a heavily scarred wound from an 
extensive anterior synechia, while the remainder 
had fine, fairly regular scars. A study of the axis 
and power of the astigmatism in six of these 
patients in whom the wound crossed the visual 
axis indicated that relative flattening had occurred 
along the wound and to a lesser extent across the 


+ 


wound; the transverse lacerations had astigmatism 
requiring high minus cylinders with the axis at 
go° to the wound, while a laceration affecting one 
radius only had high mixed astigmatism with the 
axis obliquely related to the wound (Fig. 2). 


Grade 2 injuries (43 injured eyes) 

This group consisted of patients with anterior 
segment injuries involving lens damage who were 
studied particularly in relation to the functional 
outcome. 

Table V gives the corrected vision (after a mini- 
mum follow-up period of 18 months) in relation 
to the age of the patient at the time of the injury: 
there were still four patients requiring further 
surgery to obtain clear media, and one who had 
required enucleation after panophthalmitis. With 
these exceptions, almost all the patients over the 
age of seven achieved 6/12 vision or better. For 
this age group, the timing of lens surgery did not 
affect the ultimate visual acuity; however, in the 
8- to 12-year-old group, manifest squints developed 
rapidly, even in those in whom clear media and 
contact lens fitting had been achieved within three 
months of injury. In the older patients successfully 
fitted with a contact lens, x2 out of 20 patients 
complained of diplopia, even after a prolonged 
period of wear, and seven of these have given up 


A. Transverse laceration 





B. Radial laceration laceration 
10. O 


,359 
“155°. 
oon 
Wound 


mmu Refractive error 


FIG. 2 Examples of astigmatism showing power and axis 
in relation to the wound 





Table V The visual outcome for Grade 2 injuries 
in relation to age at the time of injury 














Age (years) 
Visual acuity re 
<8 | 8-12 >12 
6/6-6/12 1 | 5 22 
6/18-6/36 4 I 2 
6/60~perception of light 3 | 1* 3* 
Excised E I 


*Further surgery required to achieve clear media 


1 


contact lens wear for this reason. The time taken 
to achieve clear media and contact lens fitting did 
not influence this. By contrast, four patients with 
Binkhorst intraocular lenticuli have no problems 
with diplopia. 

The outcome was far less satisfactory for the 
children under eight years of age: all rapidly 
developed manifest squints and, with one exception, 
all have developed dense amblyopia and suppres- 
sion. Although five of these children had clear 
media within four months of surgery, treatment by 
contact lens, Binkhorst intraocular lens or spectacle 
correction, and occlusion, was not successful in 
fully reversing this. 


Discussion 


When the overall outcome of this series is compared 
with that of a similar series reported from this 
hospital 17 years ago (Roper-Hall, 1959), it can be 
seen that a much higher percentage of patients 
(68 per cent in 1976; 45 per cent in 1959) are 
achieving 6/12 vision or better. This largely reflects 
the better outcome of anterior segment injuries. 
However, the studies undertaken on this type of 
injury indicate that there is room for further 
improvement, 

Problems relating to the wound—that is, corneal 
scarring and vascularization associated with anterior 
synechiae, and wound astigmatism— were studied 
in the group of patients without lens damage. 
Anterior synechiae occurred most frequently after 
repositing an iris prolapse through a wound 
encroaching on the limbus; Mackensen (1970) 
emphasized the importance of repositing an iris 
prolapse through a separate incision, and ensuring 
a watertight (as opposed to airtight) wound. As 
atonicity of the prolapsed iris may allow post- 
operative contact with the wound peripherally, 
even 1f the depth of the anterior chamber is main- 
tained, a peripheral iridectomy through the 
extremity of a wound encroaching on the limbus is 
recommended. 

Wound astigmatism characterized lacerations 
exceeding one-third of the corneal diameter: a 
study of those patients with high degrees of astig- 
matism suggested that flattening along the wound 
was responsible for this. Although the process of 
healing may necessarily cause this to some degree, 
the verv high astigmatic errors must reflect some 
failure of surgical technique. Flattening of a wound 
indicates inversion and reflects inadequate suture 
depth with overtightening; however, in a retro- 
spective study of this nature details such as suture 
depth were not recorded, and this will require 
further study on a prospective basis. 

Despite these complications related to the wound, 
the corrected visual outcome for this group was 
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good, and no patient has required corneal grafting. 

In the group of patients with anterior segment 
injuries associated with lens damage, although the 
corrected vision in those patients of eight or more 
years was good, the number of patients achieving 
comfortable vision with contact lens correction 
was disappointing. The use of intraocular lenticuli 
may offer a better chance of binocular vision in 
patients with unilateral aphakia (Girard, Friedman, 
Moore, Blau, Binkhorst, and Gobin, :962), and 
although the numbers treated in this way in this 
series are small, the results are encouraging. 

For the children under eight vears, the visual 
outcome was poor because of amblyopia, despite 
attempts to reverse this. Even with immediate lens 
surgery at the time of injurv or shortly after, it 
was difficult to achieve clear media within two 
months of injury, and by this stage, the amblyopia 
in young children was very difficult to reverse, 
even when dealing with the best optical situation 
with an intraocular lens. The prognosis for this 
age group in terms of a functional outcome remains 
poor. 

In relation to the question of timing of lens 
surgery, it was apparent from studving the patients’ 
records that it was not always easy to be certain 
whether lens damage was present at the time of 
repair; a layer of fibrin covering the lens capsule in 
the pupil region may be mistaken for a cataractous 
lens. If there is doubt, and the posterior segment is 
not involved, lens surgery can safely be delaved 
for a few days. In young children, although a 
damaged lens will spontaneously absorb, early 
deliberate surgical intervention to achieve clear 
media as quickly as possible ts the only hope of 
preventing irreversible amblyopia. 

Where the extent of damage cannot be visualized 
because of hvphaema, it is vital to remove this by 
gentle irrigation with either saline or a fibrinolytic 
agent, in order to ascertain the extent of the 
damage. In the absence of involvement of the 
posterior segment (manifested by vitreous loss), it 
is less essential to deal with à damaged lens at the 
time of primary repair, although immediate lens 
surgery helps to reduce postoperative inflammation: 
if, however, vitreous loss is present in association 
with lens damage, it is essential to undertake 
immediate and radical lens surgery in conjunction 
with anterior vitrectomy, as the admixture of a 
damaged lens (especially capsule), vitreous, and 
blood rapidly leads to anterior segment organiza- 
tion, resulting in phthisis and subsequent retinal 
detachment (Coles and Haik, 1072; Eagling, 1973). 


Conclusions 


This study has shown that although the visual 
outcome for perforating injuries involving the 
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anterior segment has considerably improved during 
the last 17 years, there remain problems associated 
with wound scarring and astigmatism, and with 
traumatic aphakis; for the former, avoidance of 
anterior synechiae by performing a peripheral 
iridectomy when repositing an iris prolapse through 
a wound extending to the limbus, and accurate 
suturing centred on and transfixing the deepest 
part of the wound may help to reduce these 
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Prognosis of perforating eye injury 


H. P. ADHIKARY, P. TAYLOR, asp D. J. FITZMAURICE 
From the Department of Ophthalmology, Royal Infirmary, Preston 


The general prognosis of perforating eye injury 
has improved remarkably during the last two 
decades. It is a perplexing task to assess the 
prognosis in view of the variations in the severity 
of the wound and of the intraocular damage, as 
well as the great diversity of complications which 
may arise. 

In this series, 130 cases of perforating globe are 
presented and a significant improvement in the 
overall position 1s revealed. 


Material and methods 


This series constituted 130 consecutive cases of accidental 
perforating eye injuries, including 22 with intraocular 
foreign bodies. Patients were treated in the Eye 
Department, Preston Royal Infirmary, and were 
followed-up at the clinic for a period varying between 
three months and four years, the last case being in 
November 1975. Patients who failed to attend for follow- 
up and some who were referred from other hospitals 
were excluded because full details during the follow-up 
period were lacking. Out of 130 cases, 20 (15:4 per cent) 
were women and 4o (30°7 per cent) were children, 
seven of whom were girls. 

Injuries were mainly caused by road accidents, a 
fall on the ground, an accident with chisel and hammer, 
assault with fist or other blunt objects, gun-shot injury, 
or, particularly in children, by pointed objects such 
as a stick or branch of a tree, or a dart, arrow, or needle. 
Some injuries had been inflicted by less common objects 
such as a fish hook with a maggot on it, the edge of a 
sheet of paper, or water jet, etc. (Table I). 

The site and extent (Table II) of injury observed 
varied from a small penetrating injury of single line 
: mm in length of cornea or sclera to major extensive 
ramified lacerations across the whole diameter of the 
cornea and almost the whole length of the sclera, with 
laceration, incarceration, avulsion, and even expulsion 
of uveal tissue, lens, and vitreous humour. In one 
patient the posterior portion of the globe behind the 
equator was almost completely separated from the rest 
of the eye ball. 

The degree of injury and severity of damage to the 
ocular structures was classified as follows: 


FIRST DEGREE 


Perforating injury of any length of cornea or sclera 
varying from a minute puncture to the whole diameter 
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of cornea, without lens injury, uveal or vitreous prolapse, 
without intraocular foreign body. 


SECOND DEGREE 


Injuries of any size to cornea or sclera with lens injurv, or 
uveal, vitrous prolapse, or with intraocular foreign body. 


THIRD DEGREE 


Double perforation of the globe caused by gun-shot 
or other metallic particles, extensive ramified lacerations 
of the anterior segment, laceration of the posterior pole, 
and injuries with massive haemorrhage leading to 
vitreous disorganization. 

The incidence of the types of injury is shown in 
Table HI. On first admission 8o cases (61:5 per cent) 
were found to have uveal tissue either incarcerated in 
the wound or prolapsed. In some patients the tissues 
were reposited and in others tissue had to be abscised 
during repair. Seventy-six cases (584 per cent) needed 
treatment for traumatic cataract, During the follow-up 


Table I Causes of injury 





Chisel 
Patients Road and Fiying Assaults Blunt Pointed Others 
accident hammer obiects objects objects 
16 


Ne. 2h 





nime —— — M ÁN m 


8 G 19 20 22 


Percentage2o i3 13:5 à 146 154 16-9 





Table II Site of injury 








Corneal Seleral Corneo-scleral 
(single or (single or — (radial Limbal 
Patients ramified ranufied single line or fcircun- 
laceration} laceration} ramified) Jerential) 
NO. 49 25 34 23 
Percentage — 3777 12 26 1609 





Table HI Incidence of different degree of injury 








Degree 
P ‘a t i en t $ MUNERE a TERR ECKE ERRIRUN DRE oe a CN ACORN "M 
First Second Third 
No. 24 75 4I 
Percentage 18:5 S77 23:8 
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period particular attention was paid to controlling 
inflammation in the affected eye, and the possible 
development of any anterior synechiae, secondary 
glaucoma, and retinal detachment; inflammatory 
reaction to the other eye was also looked out for. Fifty- 
eight cases (44:6 per cent) needed further operations 
during the follow-up period, such ss synechiotomy, 
cataract extraction, needling and aspiration of lens 
material, drainage operation for secondary glaucoma, 
or surgery for retinal detachment. 

Finally, assessment was made of the visual acuity 
obtained after correction of refractive error, either with 
spectacle lens or with contact lens. Enucleation was 
performed only in blind eyes that were not symptom- 
free and were cosmetically unsatisfactory or unsafe. 


Results 
The results are shown in Table IV. 


Discussion 


The prognosis of perforating lesions of the globe 
is uncertain because of complications, many of 
which depend on correct assessment, and vary in 
seriousness according to the time at which they 
occur, and the method of management. Our 
principles of management were aimed at securing 
an accurate surgical re-apposition of the wound 
and restoring the normal anatomy as quickly as 
possible, preventing or controlling infection, and 
maintaining and controlling the intraocular pressure 
within normal limits. One striking feature noted in 
the series was the low incidence of infection. In 
only three instances was intraocular reaction, 
caused either by infection or by the injury itself, 
severe enough to result in hypopyon, and in each 
this settled satisfactorily and: the patient regained 
visual acuity of better than 6/12. In none was 


Table IV Results in visual acuity for 130 patients 





Degree 
oe Overall 

Result ist and 3rd Total percentage 
Vision better than 

6/12 2I 58 3 82 63 
Vision between 6/60 

and 6/18 2 5 5 I2 9'2 
Vision less than 6/60 1 9 19 20 I5'4 
No perception of 

light cosmetically 

satiafactory o 2 2 4 3 
Enucleation or 

evisceration o I II I2 9'2 
"Total 24 75 3% 130 100 





panophthalmitis or chronic endophthalmitis found 
to develop to warrant removal of the eye, compared 
with the overall infection in 15 per cent, including 
38:6 per cent of all enucleated eyes (Snell, 1945) 
and 28:9 per cent of enucleated eyes caused by 
infection or vitreous abscess (Remky, Kobor, and 
Pfeiffer, 1967). 

Among the 24 cases of first degree injury, three 
needed further operation during the follow-up 
period, one for anterior synechiae, one for cataract, 
and one for tractional retinal detachment. 'T'wenty- 
one cases (87:5 per cent) retained vision better than 
6/12, two between 6/6o and Pm and one less than 
6/60. 

Further operation was necessary in 40 out of 75 
cases of second degree injury, mainly for traumatic 
cataract and anterior synechiae. If aspiration of 
lens material was considered to be justified, it was 
generally done within two weeks of the injury. 
‘Tractional retinal detachment was: found in four 
instances and secondary glaucoma in three. In this 
group, 58 patients (77:3 per cent) recovered their 
vision to better than 6/12, five cases to between 
6/60 and 6/18, nine cases to less than 6/60, two cases 
lost perception of light, and enucleation was 
performed in one. 


Apart from the extensive reparative procedure 
carried out during the first operation, out of 31 
cases of third degree injury further operation was 
justifiable only in eight. In the remaining patients 
either the lens with some vitreous was extruded 
during the injury and an unexpected amount of 
sight regained, or further surgery was not considered 
likely to be beneficial. In this group only three 
patients (9°7 per cent) regained 6/12 vision, five 
cases between 6/60 and 6/18, 10 cases less than 6/60, 
two cases lost perception of light, and enucleation 
was necessary in II eyes. 

Altogether r2 eyes (9:2 per cent) were excised. 
In five (3:8 per cent) the eye was excised shortly 
after injury without any attempt at reconstruction 
because the eye was hopelessly damaged and was 
considered at the time to be unsafe to preserve 
and potentially dangerous for the other eye. Seven 
eyes were enucleated later, two for chronic haemo- 
phthalmitis after further trauma (self-inflicted) to 
the same eye, two for painful blind eye due to: 
intractable secondary glaucoma, and three for 
phthis bulbi. 

Eyes with visual acuity of between 6/60 and 6/18, 
could probably have been improved further by 
some minor procedure—such as needling—or 
major procedure—such as optical keratoplasty— 
but it was not possible to carry these out for various 
reasons. In 20 eyes the visual acuity decreased to 
less than 6/60; in five there was tractional retinal 
detachment, three. had’ organized. vitreous around 


non-magnetic, unremoved intraocular foreign 
bodies, and the remaining eyes had severe corneal 
scars, organized vitreous haemorrhages, blood- 
stained corneae or macular changes, either alone or 
in combination. Six patients were found to have 
secondary glaucoma. In two instances, gradual 
atrophy of the iris after trauma leading to complete 
aniridia in the course of 12 and 16 months’ time 
was the other significant change associated with the 
injury. 

None of the patients was found to develop 
sympathetic ophthalmitis. 
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Summary 

The assessment of visual function in a series of 130 
consecutive patients of perforating eye injuries, 
revealed that visual acuity of 6/12 or better was 
regained in 63 per cent, between 6/60 and 6/18 in 
9:2 per cent, less than 6/60 in 15:3 per cent, and 
enucleation was necessary in o2 per cent. In 
3 per cent, the eyes were retained as blind, symptom- 
free, and cosmetically satisfactory organs. Two 
eyes were found to develop complete traumatic 
aniridia. None in the series was found to have 
sympathetic ophthalmitis. 
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Ocular injuries from liquid golf ball cores 


D. R. LUCAS, A. C. DUNHAM,» W. R. LEE? W. WEIR,‘ AND 


F. C. F. WILKINSON? 


From the Departments of Ophthalmology, Pathology,’ and Geology*, University of Manchester, the 
Department of Ophthalmology, University of Glasgow,? and the Department of Pathology, Royal Alexandra 


Infirmary, Paisley* 


Cutting up golf balls, usually by children, has long 
been recognized as an ocular hazard as many golf 
balls contain fluid under high pressure which is 
liable to strike the eye (Duke-Elder, 1954). In 
some of the early cases, serious loss of vision 
resulted (Crigler, 1913; Lowell, 1913; Thomason, 
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1913). The early golf balls contained barium sul- 
phate, soap, and free alkali (Crigler, 1913). The 
alkali was presumably responsible for the serious 
ocular injuries and, after 1914, it was no longer 
used in the manufacture of golf balls in the United 
States of America. Barium sulphate is still, however, 
a major constituent of recently manufactured golf 
balls, at least in the UK. 

Twelve cases of injury to the eyelid, conjunctiva,. 
and orbit resulting from disrupted golf balls have 
been reported during the last 10 years (Table I). 


Table I Published cases of injuries from golf ball contents 





Authors Cases Age Sex 
ears) 

Johnson and Zimmerman (1965) 1 II Male 

Penner (1966) : I II Male 


Slusher and others (1967) I i1 Male 
2 15 Male 
3 12 Male 
4 9 Male 
Taylor and Greer (1969) I 1a Male 
I2 Female 
Nelson (1970) I 22 Male 
2 3I Male 
O'Grady and Shoch (1973) I 13 Female 


*Histological findings on excised tissue reported 


Time between : 
injury and Site(s) of injury Follow-up 


1I days Conjunctiva* 
I year Lower lid* and Satisfactory after 
orbit excision of mass 
one year after 
accident 
— Face, no penetration 
5 days Conjunctiva* and Satisfactory after 
cornea excision 
Hours Conjunctiva Satisfactory after 
Hours Conjunctiva and removal of pasty 
cornea material by 
applicator 
Hours Conjunctiva and Satisfactory after 
cornea excision 
6 months Conjunctiva* Uneventful 
6 weeks Conjunctiva* and — 
cornea 
Not stated Conjunctiva and Traumatic mydriasis 
cornea 9 months after 
accident 
Not stated Cornea 
2 months Conjunctiva* Uneventful 


Table II Details of nine cases 
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NANARAO ONANAN LAUANTIUM UP 


Injury to 





Case Age Sex excision Nature of explosion Site 
(years) period 
1 12 Male 18 hours Disruption of golf ball 
2 8 Male « 48 hours Stuck a knife into a 
golf ball 
3 11 Female <48 hours Hacksaw used to open 
golf ball in a vice 
4 12 Male 5 days Cutting into golf ball 


Follow-up 


n aiat i Md y tre aa ta MAI rir m e em y TT aA a à m aa Mamimi n nT m 


Subconjunctiva Uneventful 


Right supero-nasal Pseudoptervgium 
bulbar conjunctiva 


Severe oedema of lid. 
Residual scar. Inter- 
mittent conjunctivitis 


Xanthelasma-like 
lesion left upper 
eyelid with deposit 
in fornix 

Small white mass in. Uneventful 

left supero-temporal 

conjunctiva. 


Commotio retinae Chorioretinal scar 


5 12 Female 6 days Stuck a knife into a Interior bulbar Uneventful 
golf ball conjunctiva 
6 13 Male 7 days Focused sun's rays on Supero-nasal bulbar Uneventful 
a golf ball conjunctiva* 
Evelid 
7 10 Male 18 days Cut up golf ball Right bulbar con- Betamethasone 
junctiva three 
nodules in substantia 
propria on nasal side 
8 13 Male 16 weeks Cut up golf ball Black deposits in left Uneventful 
supra-bulbar 
conjunctiva 
9 11 Male 20 weeks Golf ball ‘exploded’ in Punctate staining of | Small residual nodule 


face 


cornea; sub- 
conjunctival white 
mass on lower 
temporal bulbar 
conjunctiva 





*Blanching of the conjunctiva in upper nasal quadrant looked like a local corticosteroid injection 


Most of the injured were boys, aged between 10 and 
13 years. Histological studies of six cases (Johnson 
and Zimmerman, 1965; Penner, 1966; Slusher, 
Jaegers, and Annesley, 1967; Taylor and Greer, 
1969; O'Grady and Shoch, 1973) revealed bire- 
fringent granules with multinucleate giant cells and 
macrophages. In three cases (Johnson and Zimmer- 
man, 1965; O'Grady and Shoch, 1973) analysis of 
the foreign material by histochemistry, x-ray 
diffraction, and the electron probe demonstrated 
the presence of barium sulphate and zinc sulphide. 

The opportunity to study a further nine cases 
has permitted a more detailed analysis of the tissue 
response between 18 hours and 20 weeks. In 
addition, the foreign material in some of the 


specimens has been studied by applying the electron 
probe to thick paraffin sections of the biopsied 
material and, for comparative purposes, the contents 
of several brands of golf ball have also been analysed. 


Methods 
LIGHT MICROSCOPICAL EXAMINATION 


The tissue was prepared by conventional histological 
methods. 


ELECTRON PROBE ANALYSIS 


20-4 m sections were cut from the paraffin blocks from 
which the sections for hght microscopical examination 
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(140) 


PIG. 1. Conjunctiva 18 hours after accident (Case 1). 

(3) Large well circumscribed deposit of crystalline material 
in substantia propria. Haematoxylin and eosin. — so. 

(b) Pyknotie debris around the deposit. Haematoxylin 

and eosin, 250 


had already been taken. These were mounted on glass 
slides 5'1 z:s em (2+ rin) and coated with carbon 
after removal of the wax. The samples were investigated 
using a Cambridge Scientific. Instruments Geoscan 
Mark IH. 


Y-RAY DIFFRACTION AND X-RAY FLUORESCENCE OF 
GOLF BALL CONTENTS 


The slurry from the centres of nine different types of 
golf ball was extracted using a hypodermic syringe. 
In several cases the pressure of the slurry was enough 
to force the piston right out of the syringe. The slurry 
was then dried and the solid residue examined by 
transmitted and reflected light techniques and by x-ray 
diffraction. Smear mounts of the dried slurry were 
examined in a Phillips diffractometer. 

Semiquantitive analysis of two dried slurries was 
made using a Phillips x-ray. Huorescence machine. 


Cases 


Details of the nine cases are set out in Table Il. In all 
cases, conjunctival lesions were present; in two (Cases 
3 and 6) the evelid was also involved. In Case 8 the 
deposits were black, but in all others thev were creamv- 
white. 

In five cases, there was complete and uneventful 


po 


- 


4 * EL 





recoverv after local excision, but residual scarring 
occurred in the other four. In one of these (Case 7) 
treatment with betamethasone was required. No signi- 
hcant loss of vision occurred in any case, although a 
small patch of commotio retinae which healed with a 
small chorioretinal scar was noted in Case 4. 


Histological appearances 
IÑ TO 458 HOURS 


The deposits of crystalline material and other foreign 
matter were present in large pools in the substantia 
propria of the conjunctiva, in the dermis, and in the 
orbicularis muscle. These pools contained some necrotic 
debris and red cells and were surrounded by a thin rim 
of polymorphs and lymphocytes. Many of these cells 
showed nuclear pyknosis and numerous free nuclear 
fragments were also present (Fig. 1). In one (Case 3) 
birefringent material was observed in macrophages. The 
Prussian blue reaction demonstrated some iron- 
containing crystalline material in the debris. 





(2a) 


FIG. 2 Conjunctica five days after accident (Case 4). 
(a) Deposit of crystalline material in substantia propria 
surrounded by a well defined layer of macrophages. 


Haematoxylin and eosin. ~ so 
(b) Paltsade-like arrangement of crystal-containing 
macrophages in the laver. Haematoxylin and eosin. 250 


5 TO 18 DAYS 


In the four cases in this group, the centre of the deposit 
still contained amorphous necrotic debris around the 
birefringent material. At the periphery, there was a 
cellular infiltrate composed predominantly of lympho- 
cytes and macrophages. The macrophages formed a 
distinctive palisade between the deposit and adjacent 
tissue in three cases (4, 5, and 7, Fig. 2). In the eyelid 
tissue from Case 6, the cellular reaction was particularly 
diffuse, presumably because the crystals were widely 
scattered in the dermis. Very small crystals were 
observed in the cytoplasm of the macrophages while 
the larger crystals were surrounded by small flattened 
multinucleate cells (Fig. 3). Even at this stage, peri- 
vascular accumulations of macrophages containing 
birefringent crystals could be seen. 

Palisading of macrophages was prominent in the 
18-day specimen. 


16 TO 20 WEEKS 


The crystalline and other foreign matter was embedded 
in a delicate fibrovascular stroma to form a clearly 
circumscribed mass in the 16-week specimen (Fig. 4a). 
In this case many black particles were present. Numerous 
macrophages and multinucleate giant cells were present 
in the stroma and strands of histiocytes containing 
small particles were seen lying along small blood vessels 
(Fig. 4). 
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The 20-week specimen contained numerous multi- 
nucleate giant cells. 


Analysis of the foreign material in tissue 
sections 


The foreign material consisted principally of clear 
or pale-staining birefringent crystals varying con- 
siderably in size in different specimens (Figs 1—4^) 
In addition, semi-opaque brownish-black particles 
varying in size and shape were present. The amount 
of this material differed greatly in different speci- 
mens. Some contained hardly any, while in Case 5 
the amount was sufficient to account for the almost 
black appearance of the deposits. 

The birefringent crystals were frequently almost 
square (rhombic, angles 80° and 110 ) (for example, 
Figs 1 and 24). Under crossed polars the extinction 
position indicated that the principal optical direc- 
tions lay along the diagonals of the rhomboid 
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Tota 


(35) 


FIG. 3 Eyelid seven days after accident (Case 6). 

(a) Diffusely scattered crystals in the dermis. Haematoxylin and eosin. « so, under polarized light. 

(b) Light diffuse infiltration of dermis with inflammatory cells, giant cells containing small crystals 

( single arrow) and flattened giant cells around large crystals (arrows). Haematoxylin and eosin. 
250 
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(4b) 


FIG. 4 Conjunctiva 16 weeks after accident (Case 8). 

(a) Deposits of crystalline and black material in substantia propria embedded in fibrovascular stroma 
Strands of macrophages laden with foreign material present along blood vessels (arrows) 
Haematoxylin and eosin. ~ so. 

(b) Macrophagic reaction in stroma and perivascular macrophages containing foreign material 
(arrows). Haematoxylin and eosin, 250 


246 British Journal of Ophthalmology 


Table III Partial electron probe analysis of barytes 





Pulses unit time for barytes* 


Case 3 ll RE Ra 
Bloch 1 Block 2 
Barytes standard 8745 3073 8745 
Sample 7496 3561 8634 





*5 was also present in all cases, but was not analysed quantitatively 


Table IV Comparison of electron probe analysis of 
dark particles in Case 8 with published composition 
of hydromuscovite and muscovite (Deer, Howie, 

and Zussman, 1966) 





Dark particles Case 8 Hydromuscovite | Muscovite 
310, 4677 4675 484 
AlO; 339 364 272 
KO 10'7 8 11:2 
Fe Oxide 2:6* OUT zaf 
MgO Present Qs oo 
Na,Q Present O'3 O'4 
H,O Not known 6:8 45 
` 939 99'5 991 





*as FeO 


tas FeO FeO 


shapes. The optical data indicate that the crystals 
are crushed barytes (BaSO,), whose shape is con- 
trolled by cleavage along the (210)* faces. 

Quantitative microprobe analysis by the use of 
the crystal spectrometers (Table III) showed that 
barytes was the major constituent of the foreign 
material (> 9o per cent). 

'The semi-opaque, brownish-black particles often 
appeared hexagonal (Fig. 4a). They were much 
thinner than the section of tissue (20 um) and 
showed very low birefringence which, in some 
cases, was masked by the dark brown colour. 
Microprobe analysis proved the particles to be 
muscovite or hydromuscovite (Table IV). 

A single grain of pyrite and several grains of 
iron oxide were found in Case 8 by microprobe 
analysis. 

No zinc-bearing grains were detected. 


Analysis of golf balls 


Eight out of the nine slurries from the centre of 
the balls were white, while the ninth was black. 
Microscopical examination of the dried slurries 
showed the presence of large amounts of barytes, 
with shapes and sizes very similar to those found 


* Miller index 


in the g ; 
were also present in small quantities. The dark- 
coloured slurry differed only in having a dark- 
coloured fluid medium. 

X-ray diffraction charts of all nine samples were 
identical; the only mineral showing up in the trace 
was barvtes. This suggests that the muscovite may 
be poorly crystalline and hence would not produce 
x-ray diffraction. The amount of the muscovite is 
also small (~5 per cent). Partial x-ray fluorescence 
analvses of two samples were made. These were 
very similar except for the content of Sr (Table V) 
which is no doubt related to the source of the barvtes 
used by the different manufacturers. The Pb 
reported in the analysis is probably present as 
galena (PbS), 


Discussion 


Most golf balls manufactured in this country stil 
contain a liquid centre under high pressure. The 
particulate material in the liquid is capable of 
penetrating both conjunctiva and skin if the rubber 
casing of the liquid centre is perforated by the 
unwary. The mineral assemblage found in this 
material and in the tissue sections from those 
injured (barvtes, muscovite, galena, pyrite, and iron 
oxide) is typical of natural barytes deposits. The 
baryvtes was in the form of crushed crystals. In the 
American cases, the crystalline material was 
apparently barium sulphate and zinc sulphide 
(Johnson and Zimmerman, 1965; O'Grady and 
Shoch, 1973) and the birefringent crvstals were 
white in unstained sections, and the lesions did not 
appear to be pigmented grossly. The material was 
thought to have been derived from lithopone, which 
is a mixture composed of 7o per cent BaSO, and 
30 per cent ZnS, but Johnson and Zimmerman 
(1965) failed to identify zinc by x-ray microanalysis. 


Table V X-ray fluorescence analysis of dried 
slurry from a Dunlop 65 golf ball 





510, i8 

ALO, 2:8 

FeO O4 

MgO Ol 

CaO oO 

Na,O «OI 

K.O OI 

Sr 0:28 (1:00)* 
Pb 1°00 

Zn o'l 

T O1 

NÍn «o1 

Ba Abundant 
S Abundant 


OENARAAARANAANANAA ONDAREA 
*Penfold Club ball 


They attributed the failure of matrix effect in the 
sample to the large mass absorption coeffcient of 
Ba. However, in experiments with a mixture of 
30 per cent ZnS and 70 per cent BaSO, (Dunham 
and Wilkinson, unpublished) in which an x-ray 
diffractometer rather than a powder camera was 
used, it was found that, of the four principal x-ray 
peaks shown by ZnS, three were coincident or very 
close to the BaSO, peaks, but the fourth was quite 
distinct. The matrix effect did not mask the ZnS. 

Sections from Johnson and Zimmerman's material 
were subjected to electron probe x-ray micro- 
analvsis and zinc was detected in addition to 
barium and sulphur (Johnson and Zimmerman, 
1965). 

Doubt thus remains as to the exact identity of 
the crystalline material in the American cases, 
although the major ingredient was, as in our cases, 
BaSO,. The brown or black particles in our cases 
were separate mineral particles which electron probe 
analysis showed to be of the mica group. Zinc was 
present only in trace quantities. 

The histological response of the tissues to BaSO, 
crystals differs in some respects in our cases from 
previous accounts. Ín cases examined within a 
few days of injury, we observed a mild inflammatory 
response as described by Johnson and Zimmerman 
(1965) and Slusher and others (1967), but not the 
distension of macrophages by small particles 
emphasized by these authors. Within a few weeks, 
evidence of inflammation and tissue necrosis had 
disappeared and there was progressive tissue 
fibrosis. Comparable changes were observed by 
Penner (1966) and Taylor and Greer (1969). 
However, no previous mention has been made of 
the macrophage migration to adjacent blood vessels 
which was presumably part of an ineffectual attempt 
to remove foreign material. 

An interesting feature of the condition is the 
great variation in the interval between occurrence 
of the accident and the appearance of the patient 
for treatment. This may depend on the intensity 
of the immediate conjunctival reaction. This 
reaction probably depends on the nature of the 
organic binding material which is always present 
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in the golf ball centres and which we have not 
attempted to identify, 

Deposition of crystals in the cornea occurred in 
six of the 12 published cases. In three there was 
transient loss of vision (Slusher and others, 1967) 
and in two there was significant residual disability 
(Nelson, 1970). In our cases, significant corneal 
damage was not recorded. Since the cornea repre- 
sents a large centrally situated area to which the 
trajectory of the particles must approximate most 
closely to the perpendicular and thus favour 
penetration, it is surprising that corneal damage is 
not a regular feature. The resistance of the cornea 
may be due to tight epithelial adhesion to Bowman’s 
membrane, the mechanical strength of which 
probably prevents deep penetration. The substantia 
propria of the conjunctiva and the dermis of the 
eyelid are, by contrast, lax tissues, 

Finally, the study has demonstrated the relative 
ease with which individual mineral particles can 
be identified by means of the electron probe in 
thick paraffin tissue sections. 


Summary 


‘Tissue removed from nine new cases from 18 hours 
to 20 weeks after injury by a golf ball contained 
crystalline and other foreign material to which 
there was a mild inflammatory reaction followed by 
macrophagic activity and fibrosis. 

Optical and electron probe analysis showed that 
the crystalline material was crushed — barytes 
containing small quantities of muscovite as is 
typical in natural deposits. The centres of several 
golf balls were shown to contain essentially identical 
material. By contrast with previous reports, no 
zinc sulphide was found. 

The form and frequent location of the deposits 
in the conjunctiva as compared with cornea and 
eyelid is related to the structure of these tissues. 


We thank the ophthalmic surgeons in the Glasgow and 
Manchester regions for permission to publish clinical 
details of their cases and Mr D, Bradley and Mr G. 
Humberstone for skilled technical assistance in the 
preparation of the thick sections and the illustrations. 
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Traumatic cyclodialysis 
A case report 


E. AVIEL. anp R. AVISAR 
From the Barzilai Medical Centre, Ashkelon, Israel 


Traumatic cyclodialysis has been reported by 
several authors during the last decade (Sedan, 1966; 
Turut, Constantinides, and  Asseman, 1971). 


Romem and Singer (1973) described a case of 


traumatic aniridia without prolapse of iris through 
an external wound. Trobe and Keeney (1974) 


reported three cases of traumatic aniridia all of 


which were accompanied by perforating wounds 
involving the cornea. 

This is a report of a case of traumatic cyclo- 
dialysis with extrusion of most of the iris through 
a scleral perforation. 


Case report 


A 25-year-old White female agricultural worker was 
admitted to the ophthalmic department of the Barzilai 
Medical Centre, Ashkelon, after an injury to her left 
eye caused by a screwdriver (Figure). ‘The injury had 
been accidentally self-inflicted two hours earlier as she 
had been trying to repair a tubing of metal in the 
cow-shed. 

The visual acuity in the right eye was 66, and 
examination of that eye including the fundus revealed 
nothing abnormal. The visual acuity in the left eye was 
hand movements with good perception of light. The 
upper lid was swollen with ecchymoses and abrasions 
of the skin. ‘There was conjunctival injection. On the 
medial side about 4 mm from the limbus, a brown oval 
mass could be seen under the abraded conjunctiva, The 
cornea was clear and did not show any signs of per- 
foration. The anterior chamber was filled with blood 
and it was impossible to see any further details. ‘The 
eve was hypotonic, tension by Schiótz tonometry was 
5°5 16. 

It was decided to proceed with exploration of the 
ocular injury under general anaesthesia. An operation 


was performed on the day of admission. On exposure of 


the sclera medially, a mass of soft brown tissue was seen 
within the scleral wound which extended along a 
course roughly parallel to the limbus from 7.0 o'clock 
1 mm from the limbus to 10.0 o'clock 9 mm from the 
limbus. It was necessary to separate the medial rectus 
from its insertion to obtain adequate exposure of the 
scleral wound. The brown mass was identified as 
prolapsed iris and it was excised level with the sclera. 
After the excision the intact ciliary bodv was seen in the 
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scleral wound. There was no bleeding from the ciliary 
body and no vitreous could be seen throughout the whole 
procedure. The scleral wound was sutured with inter- 
rupted 7-0 silk sutures. As the edges of the scleral 
wound were brought in apposition the presenting 
ciliarv body was reposited with a thin iris spatula. ‘The 
edges of the upper end of the scleral wound 9 mm trom 
the limbus were treated with superficial diathermy. ‘The 
medial rectus was re-attached to its insertion. ‘The 
hyphaema was washed out through a keratome incision 
in the temporal corneal periphery. Evacuation of the 
hvphaema allowed visualization of a clear intact lens; 
in the postoperative period hyphaema filled one-third 





of the anterior chamber one week after the operation, 
The cornea remained clear throughout. The anterior 
chamber appeared to be of average depth. From 4.0 to 
5.0 o'clock, remnants of iris could be seen. The lens was 
mostly clear with a layer of blood clot adherent to its 
posterior aspect in the lower nasal quadrant. Fundus 
details could not be clearly seen. Intraocular pressure 
was § mmHg by applanation tonometry. The eve was 
dressed daily with atropine drops and an antibiotic 
ointment; systemic corticosteroid treatment was started 
on the tenth postoperative day. 

One month after the injury the visual acuity with 
pinhole correction was 6, 18. The eye was quiet and the 


cornea clear, There was no aqueous flare in the anterior 
chamber. ‘The lens could now be seen to be subluxated 
medially. The taut zonules could be seen at the equator 
of the lens from 1.0 to 4.0 o’clock. Fundus details could 
now be visualized and there were no pathological 
findings, but the lower nasal quadrant could still not 
be seen as the blood remnants obscured the posterior 
aspect of the lens in this area. 

On gonioscopy, in most of the nasal half, the angle 
structures were hidden by the equator of the subluxated 
lens. From 11.0 to 3.0 o'clock, ciliary processes stret- 
ched by the taut zonules could be seen. From 3.0 to 
6.0 o’clock there was traumatic recession of the angle 
of the anterior chamber. 

One year after the injury the visual acuity in the left 
eve is 6/6 with pinhole correction. The intraocular 
pressure is 15 mmHg by applanation tonometry. There 
is no change in the slit-lamp and fundoscopic findings. 


Discussion 


Sedan (1966) and T'urut and others (1971) reported 
cases of traumatic cyclodialysis without corneo- 
scleral wound. These cases could be described as 
traumatic recess of the angle of the anterior cham- 
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ber. In Turut's two cases the hypotonia that 
appeared supports the view that there was a cvclo- 
dialysis cleft as a result of the injury. Duke-Elder 
(1972) described a case in which the ciliary body 


was completely torn from its anterior scleral 


attachment with backward displacement of the 
iris; there was a continuity between the anterior 
chamber and the suprachoroidal space. Such an 
injury may give the appearance of aniridia. 

The case reported here differs in that the iris 
extruded from the scleral wound. There was no 
vitreous presentation and no haemorrhage from the 
wound. It is therefore assumed that the ciliary body 
remained intact in spite of the severe trauma. The 
sharp edge of the instrument produced the pathway 
for the iris prolapse after tearing most of it out 
from its root. 

The final visual acuity of 6/6 is in keeping with 
the results of Trobe and Keeney (1974) who 
reported a final visual acuity of 20/25 in three 
cases of traumatic aniridia. In our case the intra- 
ocular pressure is still normal one year after the 
injury. 
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Intracameral injection of gentamicin 


Report of a case 


MUHIB S. TARAKJI ann KHALID F. TABBARA 


From the Department of Ophthalmology, American University of Beirut, Lebanon 


Prompt and effective administration of antibiotics 
is of crucial importance in all cases of intraocular 
infections. Intraocular minimum inhibitory con- 
centration of antibiotics is hardly achieved with 
antibiotics administered via the conventional routes 
(Furgiuele, 1967, 1970; Litwak, Pettit, and Johnson, 
1969; Green and Leopold, 1965; Golden and 
Coppel, 1970). Recently Peyman, May, Ericson, 
and Apple (1974) found that 250 to 1oooug of 
gentamicin could be injected into the anterior 
chamber of normal rabbits’ eyes without damage to 
the cornea, lens, or retina. Peyman, Vastine, Cronch, 
and Herbst (1974) also reported treatment of five 
cases of bacterial endophthalmitis with intracameral 
and intravitreal injection of gentamicin and dexa- 
methasone with good visual results. 

A case of bacterial endophthalmitis in a patient 
who regained normal vision after intracameral and 
subconjunctival injections of gentamicin sulphate 
is presented. 


Case report 


A 25-year-old man was sent to hospital on 4 February 
1975. For the previous five days he had had redness 
and pain in the left eye since being struck in that eve 
with a pointed splinter of wood. Vision was perception 
of light in the left eve (Fig. 1). The lids were swollen 
and the conjunctiva was chemotic. There was a para- 
central corneal ulcer involving the deeper layers of the 
stroma. A small i:0-mm pointed foreign body was 
stuck in the cornea with its tip projecting into the 
anterior chamber. There was a hypopyon filling one- 
third of the anterior chamber with 4+ cells. The 
pupil was mid-dilated and the iris adherent to the 
corneal ulcer at 9 o'clock. The lens appeared to be 
clear. Details of the vitreous and fundus could not be 
seen. ‘Topical tetracaine o'5 per cent was instilled into 
the conjunctival sac, The corneal foreign body was 
removed. A 25 gauge needle attached to 1-ml syringe 
was introduced into the anterior chamber at the limbus 
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FIG. 1 


at 4 o'clock and o4 ml of aqueous was aspirated. 
Gram's stain of the aqueous revealed numerous poly- 
morphonuclear neutrophil leucocytes and Gram- 
positive cocci. Cultures grew heavy growth of 
Staphylococcus epidermides coagulase negative. The 
organism was sensitive to gentamicin. 

A total of o-4 ml (200 ug) of gentamicin was injected 
into the anterior chamber through the same corneal 
tract; 40 mg of gentamicin were given subconjunctivally. 
The patient was then started on local 1 per cent atropine 
drops twice daily and gentamicin drops every hour. 

In 48 hours there was marked clinical improvement, 
and the lid swelling and conjunctival chemosis had 
subsided. One week later the corneal ulcer had healed 
completely leaving an anterior iris adhesion. The 
central cornea and the lens were clear and there was no 
evidence of endothelial damage. The hypopyon had 
disappeared completely. Four weeks later the patient 
had a white left eye with a nasal anterior adherent 
leucoma and a visual acuity of 20/20 (Fig. 2). 


Discussion 


Intracameral and intravitreal injection of gentamicin 
may be considered as a useful and effective 
procedure in the treatment of bacterial endoph- 
thalmitis. Anterior chamber paracentesis provides 
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normal vision without being clinically detectable 
and without the administration of systemic 
antibiotics. 

Staphylococcus epidermidis coagulase negative, 
which was recovered from the present case, is 
usually regarded as a harmless organism. However, 
it has long been known to be a potential pathogen 
in cases of bacterial endocarditis in the presence of 
rheumatic valvular disease. Valenton, Burbaker, 
and Allen (1973) and Forster (1974) reported cases 
of endophthalmitis, mainly after cataract surgery 
from which Staphylococcus epidermidis coagulase 
negative was recovered. They emphasized the 
potential pathogenicity of this organism, the good 
response to antibiotics, and the good visual outcome. 





FIG. 2 Eye of patient 4 weeks after treatment with Summary 

intracameral and subconjunctival gentamicin A case of bacterial endophthalmitis secondary to a 
penetrating injury was successfully treated with 
intracameral topical and subconjunctival injections 
of gentamicin. After treatment the patient had 
normal vision and there was no evidence of toxic 
side-effects on the anterior segment of the eve 
including the endothelium, angle structures, and 
lens. The potential pathogenicity of Staphylococcus 
epidermidis is again emphasized. 


the material for prompt identification of the offend- 
ing organism (Allensmith, Skaggs, and Kimura, 
1970). It also provides a means of delivering a high 
concentration of antibiotics into the anterior cham- 
ber without any untoward effects. This procedure 
can easily be performed in minor surgery without 
any special instrumentation. The intracameral and 


subconjunctival injections of gentamicin were We are grateful to Miss Eleonore Shweiry for her 
effective in irradicating the infection and regaining secretarial assistance. 
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Vitrectomy in 125 eyes with diabetic vitreous haemorrhage 


GHOLAM A. PEYMAN, MOTILAL RAICHAND, FELIPE U. HUAMONTE, 
KRISHAN C. NAGPAL, MORTON F. GOLDBERG, ann DONALD R. SANDERS 


From the Department of Ophthalmology, University of Illinois 


Eye and Ear Infirmary, Chicago 


Vitreous haemorrhage has been one of the main 
causes of blindness in the diabetic patient. Before 
the advent of the new automated vitrectomy 
instruments, there was no effective treatment for 
this condition. Caird, Burditt, and Draper (1968) 
reported that 31 per cent of diabetic patients were 
registered blind within one year after the onset of 
vitreous bleeding. This report documents the visual 
outcome and surgical and postoperative complica- 
tions in 125 eyes with diabetic vitreous haemorrhage. 


Methods 


A total of 125 eyes of 119 consecutive diabetic patients 
with vitreous haemorrhage of longer than six months' 
duration underwent pars plana vitrectomy. Their pre- 
operative visual acuities ranged from perception of light 
to 20/400, Sixty-seven eyes had simple diabetic vitreous 
haemorrhage, 48 eyes had tractional retinal detachment 
in addition to vitreous haemorrhage, and five eyes 
demonstrated rubeosis iridis and vitreous haemorrhage. 
Five eyes had all three conditions. All patients had 
proliferative diabetic retinopathy, which was known pre- 
operatively or becarne evident upon clearing the 
haemorrhage. Preoperatively all patients underwent 
complete physical examination, with particular attention 
to their diabetic management, and a complete ocular 
examination with emphasis on visual acuity (including 
entoptic phenomenon, 2-point discrimination and light 
projection in those patients with less visual acuity 
than hand movements), presence of rubeosis iridis, 
applanation tensions, and presence of lenticular opacities. 

In cases with vitreous opacification precluding 
adequate fundus examination, ultrasonography and, in 
selected cases, bright-flash electroretinography were 
performed. 


The surgical techniques and instrumentation have . 


been described previously (Peyman, Huamonte, and 
Goldberg, 1975; Peyman and Sanders, 1975). In more 
than 95 per cent of cases these were performed under 
local anaesthesia; their follow-up period ranged from six 
months to two years. In all cases the operative notes 
and operative complications were recorded by the 
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operative assistant, and the data were collected by two 
independent observers (MR and KN). 


Results 
VISUAL ACUITY 


Visual outcome has been assessed by the Peyman- 
Sanders' classification of visual improvement after 
vitrectomy (Figure) (Table I) (Peyman and 
Sanders, 1975; Peyman, Huamonte, and Goldberg, 
1976). Those eyes with simple vitreous haemorrhage 
had the most favourable visual outcome; 72 per 
cent had some visual improvement. The five eyes 
that had vitreous haemorrhage with tractional 
retinal detachment and rubeosis iridis did poorly 
with none showing improvement and two with 
worsened visual acuity. 

Table II summarizes visual outcome based on 
the type of procedure performed. 





Group 1 
Perception of light 
Hand movements 
Counting fingers 
«20/400 


Group 2 
20/400 | 


to 
<20/100 


Group 3 | 





1-+ = Improvement within any group 
2-++ = Improvement to the next better group 
3-+ = Improvement from Group 2 to Group 3 


FIGURE Visual improvement after vitrectomy 


Table I Diagnoses and improvement in visual acuity 





Improvement in visual acuity" 


Diagnoses No af o i e meme 
eyes 34 2+ p Same Worse 
Vitreous haemorrhage 67 6 14 28 


2 14 5 
(0 Ro (42) (210) (7) 


Vitreous haemorrhage, 
tractional retinal 
detachment 48 8 23 10 5 


2 
(4) OD (G8) (20 Go) 


Vitreous haemorrhage, 
rubeosis iridis 5 2 o o 3 o 
(40) (60) 


Vitreous haemorrhage, 
tractional retinal 
detachment, rubeosis 
iridis 5 o o o 3 2 
(60) (40) 
‘Total 125 10 22 51 30 i2 
17). (41). (24) Go) 





*Peyman-Sanders' classification (1975) 
Percentages are given in parentheses 


Table II Surgical procedure and improvement in 
visual acuity 
p—— EADAE AAAA E Rue EE MEE DD ttes 


Improvement in visual acuity* 








Surgical procedure No. Of M —— 
eves 37 2+ i Same Worse 
Pars plana vitrectomy 55 4 10 17 18 6 
(7) (8) QGD Gp QD 
Pars plana vitrectomy 
and pars plana 
lensectomy 54 6 9 25 11 3 
aD (QD (0 (Go (6) 
Clear corneal lens 
extraction, and pars 
plana vitrectomy 16 o 3 9 2 2 
(9) (50) G2) (G2) 
Total 125 10 22 51 41 11 


(80 aD (0 (G9 (9 
p-— ÁREA Ó AAEREN 


*Peyman-Saunders’ classification (1975 
Percentages are given in parentheses 


OPERATIVE AND POSTOPERATIVE COMPLICATIONS 


Table III itemizes the complications encountered 
in these eyes grouped according to whether 
tractional detachment and rubeosis iridis were 
present. 

The major operative complication was bleeding 
from iris vessels and intravitreal fibrovascular stalks, 
which stopped by increasing the intraocular pres- 
sure or, rarely, by using intraocular diathermy. Two 
small retinal tears produced with the vitrophage 
were adequately treated with cryocoagulation and a 
buckling procedure. No retinal dialysis occurred. 

The most common early postoperative complica- 
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tion was corneal haze or striate keratopathy (71 per 
cent) which cleared in most cases. Thirty per cent 
of cases demonstrated a transient increase in intra- 
ocular pressure. One case of bacterial endophthal- 
mitis occurred when the operating room personnel 
neglected to add 4 ug/ml of gentamicin to the 
vitrectomy infusion fluid, which is our standard 
prophylaxis. This eye subsequently required 
evisceration (May and Peyman, 1976). 

The most common late complications after 
vitrectomy were persistent corneal oedema (11 per 
cent), repeated vitreous haemorrhage (13 per cent), 
and hyphaema (9 per cent). Six per cent of eyes had 
a persistent increase in intraocular pressure 
refractory to medical and surgical management at 
the time of last examination. Seven of eight eves 
with clear lenses before vitrectomy developed 
posterior subcapsular cataracts sufficient to impair 
vision significantly. The rest of the patients in 
this series were aphakic after pars plana surgery. 
Five per cent of patients developed rubeosis iridis 
not noted preoperatively, and 3 per cent developed 
phthisis bulbi. In two cases, rhegmatogenous retinal 
detachment developed with holes thought to be 
unrelated to vitreous surgery, and in four cases pre- 
existing tractional detachments worsened without 
evidence of hole formation. 


Discussion 


In our series, all patients undergoing vitrectomy 
met the criteria for their being registered as blind. 
After surgery, 25 per cent no longer were blind. 
An additional 4o per cent were improved, allowing 
most of them to function in familiar surroundings. 

The major intraoperative and postoperative 
complication was bleeding related to neovascular 
tissue. Significant surgical complications related to 
intraocular manipulation such as retinal dialysis 
were notably absent. Postoperative transient and 
persistent corneal disorders may in part reflect the 
sensitivity of diabetic tissue to surgical trauma or 
inflammation. 

We consider the complication rate acceptably low 
for the degree of improvement in visual acuity 
obtained and in view of the untreated natural 
course of this disease. 


Summary 


A total of 125 consecutive eyes, all registered blind 
with diabetic vitreous haemorrhage, underwent 
pars plana vitrectomy with the vitrophage. Sixty-six 
per cent experienced some improvement in their 
visual acuity; 24 per cent were unchanged and 10 per 
cent were worse postoperatively. The major surgical 
complication was controllable haemorrhage (23 
per cent). No retinal dialysis occurred. Significant 
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Table III Complications 








Diagnoses 
Vitreous ` 
Vitreous Vitreous haemorrhage, 
Complication Vitreous haemorrhage, haemorrhage, — tractional 
haemorrhage _tractional rubeosis iridis retinal 
retinal detachment, 
Total detachment rubeosis iridis 
No. of eyes 125 67 48 5 5 
with complications : 109 57 42 
(87) (85) (88) (100) (100) 
Surgical . . l 
Bleeding with. spontaneous clearing 23 9 IO 2 a 
(18) (13) (21) (40) (40) 
Bleeding with clearing after lavage or 6 2 4 o 
diathermy l (5) (3) (8) 
Retinal tears 2 I I o o 
io (2) (1) (2) . 
Lens particles in vitreous 5 2 3 o o 
(4) (3) (6) 
Early postoperative (within 2 weeks) 
Transient corneal oedema/striae 89 52 27 5. 5 
(71) (78) (56) (100) (100) 
"Transient rise in intraocular pressure 38 20 l0 — 4 
: (30) (30) (20) (80) (8o) 
Repeated vitreous haemorrhage IO 5 I o 
l (8) (6) (10) (20) 
Hyphaema 8 6 1 o l 1 
l (6) (9) (2) (20) 
Endophthalmitis 1 I o o o 
(1) (1) 
Haemolytic glaucoma ED co) E o 2 I 
(8) (10) (40) (20) 
Late postoperative (after 2 weeks) 
Persistent corneal oedema/bullous 14 10 4 o i 0 
keratopathy (x1) (15) (8) 
Persistent rise in intraocular pressure 8 ` 3 4 I o 
(6) (4) (8) (20) 
Répeated vitreous haemorrhage 16 9 i o o 
i (13) (13) (14) 
Hypheema II 4 5 o 2 
(9) (6) (10) (40) 
Cataract 4 5 2 o o 
(6) (7) (4) 
Rubeosis iridis 4 2 o: o 
d (5) (6) (4) 
Phthisis bulbi 4 o 2 o a 
(3) (4) 
Retinal detachment 2 3 o e 
(5) (3) (6) (20) 


Sr ee lc HUM 
Percentages are given in parentheses 


FR 
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postoperative complications were transient (71 per haemorrhage, transient (30 per cent) and persistent 
cent) and persistent (11 per cent) corneal oedema, (6 per cent) rise 1n intraocular pressure, and 
early (8 per cent) and late (13 per cent) vitreous rubeosis iridis (s per cent). 
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Management of persistent hyperplastic primary vitreous 


by pars plana vitrectomy 


GHOLAM A. PEYMAN, DONALD R. 


SANDERS, ann KRISHAN C. NAGPAL 


From the Department of Ophthalmology, University of Illinois Eve and Ear Infirmary, Chicago, Illinois 


In the past the surgical treatment of persistent 
hyperplastic primary vitreous (PHPV) has been 
mainly carried out via an anterior segment approach. 
With the newly developed vitreous cutting and 
aspirating instruments, pars plana vitrectomy may 
be a workable surgical alternative (Smith and 
Maumenee, 1974; Michels, Machemer, and 
NMueller-Jensen, 1975; Peyman and Sanders, 1975). 

We describe two cases of PHPV handled by pars 
plana surgery. 


Patients 
CASE I 


A 3-month-old Black boy was noted to have leucocoria 


\ddress for reprints: Gholam A. Peyman, MD, University of 
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in the right eye at two months of age. Prenatal and 
developmental histories were unremarkable. There was 
no family history of ocular abnormalities. Physical 
examination showed only an easily reducible right 
inguinal hernia, 


The child's left eve was normal, with corneal diameter 
of 11:5 - 115 mm. He had a deviation in the right eye 
with a constant 24 degrees of right esotropia. The right 
eve was normal externally with a corneal diameter of 
II 11 mm. Intraocular pressure by Schi6tz tonometry 
was 24 mmHg in the left eve and 21 mmHg in the right. 
Gonioscopy showed normal angles in both eyes. A 
posterior polar cataract in the right eve spared the 
periphery of the lens, through which was visible a large 
fibrovascular stalk (Fig. 1) with prominent vessels 
emanating from the optic disc. Surrounding the base 
of the stalk was a localized central tractional retinal 
detachment. There was no evidence of elongated ciliary 
processes at the periphery of the lens. 


FIG. 1. Preoperative appearance 
of patient's right eve demonstrating 
cataract and intravitreal 
fibrovascular stalk (arrow) 


Surgical technique 


Under general anaesthesia with four 4-o silk bridle 
sutures under the rectus muscles, a no. 15 Bard-Parker 
blade cut a 3:5 mm long limbus-parallel sclerotomy 
down to the choroid, 2:3 mm posterior to the corneo- 
scleral limbus in the inferotemporal quadrant. The 
ends of a s-o Dexon mattress suture, placed through 
the sclerotomy lips, were tied loosely. ''oothed forceps 
grasping the sclerotomv lips stabilized the eye while a 
radiofrequency diathermy probe (Peyman and Dodich, 
1972), inserted through the sclerotomy, coagulated the 
large vessels of the intravitreal stalk without complication. 
A no. 528 Beaver blade inserted into the equator of the 
lens created a track through the sclerotomy for the 
vitrectomy instrument. The lens fragmenter unit 
(Peyman, Huamonte, and Goldberg, 1975) of the 
vitrophage broke up the lens, which was removed 
together with the posterior polar cataractous plaque 
and the anterior portion of the fibrovascular stalk, with 
the wide-angle cutting unit of the vitrophage (Peyman, 
1976). An anterior vitrectomy was performed with the 
same unit. The vitrophage was removed, and the 5-0 
Dexon mattress suture was tied and reinforced centrally 
with an interrupted suture of s-o Dexon. Sutures of 
s-o catgut closed the peritomy, and the eye received 
atropine and an antibiotic corticosteroid preparation 
topically. 

'l'wo weeks after operation the eye was quiet, and only 
a slight vitreous haze clouded the media (Fig. 2). ‘The 
stump of the fibrovascular stalk appeared retracted, 
and the tractional retinal detachment was somewhat 
flattened. Ocular examination has remained unchanged 
after being followed-up for six months. 


CASE 2 


A 4-month-old White boy was noted to have leuco- 
coria in the left eye at approximately six weeks of age. 
Prenatal and developmental 
contributory. At three months of age the child was 


histories were non- 





Appearance of eve 10 days postop ratively 
demonstrating clear pupillary opening with no evidence of 
ocular inflammation 


FIG. 2 
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Preoperative viec demonstrating cataractous lens 


noted to have, in the left eve, a small cornea, shallow 
anterior chamber, small cataractous lens, and a white 
retrolental mass with elongated ciliary processes nasall) 
Intraocular pressure (Schiótz) was 17 mmHg and the 
fundus could not be visualized. X-ray films of the orbit 
revealed no intraocular calcifications, and ultrasono- 
graphy revealed a slightly microphthalmic eye wit 
thickening at the posterior lens capsule. T'he patient 
was then referred to us tor treatment. 

The child's right eve was normal with corneal 
diameters of 11 
in the left eve with a variable deviation. The lett eye 


11*'5 mm There was unsteady hxation 


appeared microphthalmic with corneal diameters of 
10°25 = 10°25 mm. Intraocular pressure (Schiotz) was 
17 mmHg (4 5'5). A distinct dense pupillary membrane 
extended from collarette to collarette; in addition, ar 
intact tunica vasculosa lentis and a retrolental mass 
extended into the lens (Fig. 3). A red reflex could bi 
elicited temporally around the retrolental mass. The 
operative procedure was identical to that in Case | 
except that the intravitreal stalk was not diathermized 
There were no operative or postoperative complicatior 

and on the first postoperative day the conjunctiva wa 
mildly hyperaemic, the cornea was clear, and retinal 
fundus detail could be seen with a hand-light. At ty 

weeks postoperatively only mild conjunctival hyperaemia 
was noted (Fig. 4), and at examination three month 
postoperatively there was no evidence ol inflammatio! 

the ocular media were clear, and the retina was norma 


(Fig. 5). 


Discussion 


Most surgical approaches to the treatment ol 
PHPV have been via an anterior segment approac! 
(Collins, 1908; Wolfe, 1954; Reese, 1955; Acers 


and Costen, 1967; Gass, 1970; Smith and 
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Postoperative view demonstrating wide and clear 


FIG, 4 
pupillary opening 


Maumenee, 1974); either a discission or excision of 


the retrolenticular tissue through a large corneo- 
limbal aspiration 
procedure. Nevertheless, this large incision provides 
poor operative exposure for removal of retropupillary 
tissue. 


scleral incision followed an 


Michels and Ryan (1975) reported two cases of 


PHPV among too vitrectomy cases although the 
operative technique and postoperative results were 
not specified. Michels and others (1975) have said 
that they prefer to use an incision at the limbus 
rather than at the pars plana in these microphthalmic 
eves. We advocate early surgical intervention in 
these cases before complications such as bleeding 
into the lens or vitreous or traction on the ciliary 
body occurs or becomes worse. With development 
of the cataract, a lens-induced flat anterior chamber 
and secondary glaucoma may develop, Although 
the visual prognosis in these cases is poor because 
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of macular aplasia, tractional detachments and 
deprivation amblyopia, removal of the antero- 
hyperplastic 


traction caused by the 


primary vitreous allows the eye to grow and to 


posteri ir 


achieve reasonable cosmesis. 


Summary 


Two children with persistent hyperplastic primary 
vitreous (PHPV) underwent vitrectomy and lens- 
ectomy via the pars plana to remove the fibrovascu- 
lar stalk. Postoperatively the eves were «quiet, 
only a slight vitreous haze obscured the fundus 
view in the immediate postoperative period, and 
the stumps of the stalks retracted. Early surgical 
treatment of PHPV may prevent later serious 
complications. 





‘ note clarity of the media. Arroz 


Fundus viet 
indicates retracted vascular stall 


FIG. 5 
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Lens extraction with ultrasound 


Experiments in rabbits 


DOUGLAS McG. CLARKSON* 
Departments of Medical Physics and Ophthalmology 


AND 
CALBERT I. PHILLIPS 


Department of Ophthalmology, University of Edinburgh and Princess Alexandra Eye Pavilion, Royal 


Infirmary, Edinburgh 


As a step in the development of a system for the 
removal of hard cataracts in humans using ultra- 
sonic vibrations, a prototype device has been used 
to extract the (normal) rabbit lens. 

Various methods of using ultrasonic vibrations 
for cataract extraction have been reported (Kelman, 
1969; Girard and Hawkins, 1974; Kuwahara, 1970). 
An essential feature of the procedure is the insertion 
into the anterior chamber of a small vibrating 
needle at the tip of which lens fragmentation occurs. 


Method 
IRRIGATION-ASPIRATION SYSTEM 
General description 


The hollow needle portion of the aspirator- 
fragmentor (22 G) is inserted into the anterior 
chamber at the limbus temporally through a self- 
sealing incision. Inclined to this first needle at 
about 9o to 100°, a 25 G standard disposable syringe 
needle is similarly inserted at the limbus at around 
6 o'clock (Fig. 1). Each needle is connected with a 
push-pull machine (Phillips and Wang, 1971) by 
150cm lengths of Portex manometer tubing: 
‘disposable manometer line’, luer fitting, length 
150 cm, type 200/490/150.T The push-pull machine 
allows the simultaneous irrigation of fresh saline 
into the anterior chamber and aspiration of saline 
along with lens fragments at equal rates. Two 5o-ml 
Plastipak syringes, the plungers of which are secured 
in fixed brackets, lie on either side of a central 
threaded rod facing in opposite directions. Rotation 
of the rod moves the common transverse piece 
which grips the barrels of the syringes (Fig. 2). 
The motion of the syringe barrels relative to their 
*Present address: Respiratory Laboratory, City Hospital, Green- 
bank Drive, Edinburgh EH 10 55H 

tPortex Ltd, Hythe, Kent. 
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respective plungers is therefore equal but in 
opposite directions. This equalizes the irrigation 
and aspiration. flows because the cross-sectional 
areas of the syringes are identical. The grips for 
the plungers allow independent control of the 
svringe volumes when required so that an adequate 
depth of anterior chamber can be maintained if 
leakage occurs at entry points of the needles. 


Preliminary settings 


Initially the irrigation svringe with attached mano- 
meter tubing is filled with about 55 ml of saline. 
‘Trapped air bubbles are expelled and the syringe 
with attached tubing is fixed to the irrigation arm 
of the push-pull machine with the associated 
plunger control set for maximum independent fuid 
input (about 55 ml). The aspiration syringe and 
attached manometer tubing are filled only to the 
extent required to eliminate air bubbles; with a 
small amount in the syringe the tubing is then 
fitted into the aspiration arm of the push-pull 
machine where the plunger control is used to expel 
most of the residual contents of the syringe. 

The elimination of air bubbles from the irrigation 
limb prevents their entering the anterior chamber 
to obscure the operator's view. Also, in both the 





FIG. I 


Initial insertion of needles at limbus 
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FIG. 2 


needle and tubing combinations 


irrigation and the aspiration limbs careful elimina- 
tion of air bubbles ensures that the associated 
positive and negative pressures are maintained at 
optimum values. ‘The negative pressure at the 


aspirator-fragmentor needle aids fragmentation of 


the lens. 


IHE LENS FRAGMENTOR, ASPIRATOR 


(Clarkson and 
1975) employed in these experiments 


The lens 
Phillips, 
( Fig. 3) comprises two main parts: 


aspirator fragmentor 


the outer case with associated power socket 
the vibrator which undergoes longitudinal vibra- 
tions. 
The device is powered by an oscillating signal 
from an electrical generator at a specific resonant 
frequency of the vibrational assembly. Piezoelectric 
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FIG. 3 Section along the ultrasonic lens fragmentor, 
showing the passive case, power input socket, and 
assemblies for luer aspiration. Also shown is the activi 
vibrator element extending along the central axis betiveen 
the lens fragmentation tip and the cap screw compression 
holt, Vibrator ts encased by an outer metal case 


Push-pull machine at initial settings with mounted syringes to which are attached the irrigation and aspiration 


crystals* are alternately expanded and compressed 
(mainly longitudinally) by the voltage signal and 
in so doing supply vibrational energy to the 
vibrator assembly. This vibrator is specifically 
designed to produce a significantly greater amplitude 
of vibration. at the active tip of the instrument 
compared with that at other points along its axis, a 
result which is achieved by using an ‘acoustic horn’ 
(Eisner, 1967; Merkulov, 1957; Merkulov and 
Kharitonov, 1959; Neppiras, 1963). It is at the 
active tip that lens material can be fragmented. 

This active tip is at the bevelled end of a 3 cm 
length of stainless steel tubing, typically of 22 G 
or 21 G specification (less than 1 mm outside 
diameter). This tubing, through which fragmented 
lens matter is sucked, exits from the side of a cone 
portion of the vibrator, where it is soldered (Magna 
type) to a larger-diameter stainless steel tube. This 
tube runs parallel with the axis of the vibrator 
inside the case towards the face of the power socket. 
From there it protrudes about 4cm where it 
terminates in a luer lock attachment. To that 
attachment is connected the disposable manometer 
tubing. 


THE ELECTRICAL GENERATOR 

General description 

The electrical generator shown schematically in 
Fig. 4 delivers to the vibrator a sinusoidally varying 
voltage signal which can be altered both in fre- 
quency and amplitude, permitting optimum tuning 
of the mechanical vibrator and control of amplitude 


*Vernitorn Lad, Thorn Hill, Southampton 
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FIG. 4 Simplified block diagram of electrical generator. 
The generator draws power from the mains supply and 
delivers an output signal of varying frequency and 
amplitude to the lens fragmentor 


of vibration at the active needle tip. Of the two 
frequency ranges available, the lower one which 
extends from about 25 to 45 kHz is employed. The 
voltage output is continuously variable between o 
and 125 V root mean square. 


Mode of operation 


An oscillator (Wein bridge type) inputs a signal of 
controllable frequency and amplitude to the power 
amplifier. The output of this amplifier is some 50 
times greater and this is further increased by a 
factor of 10 with an output transformer, making 
available to the crystal elements in the vibrator an 
oscillating voltage of sufficient amplitude to produce 
the necessary active vibration at the tip of the needle. 
At the resonant frequency of the vibrator, the 
current drawn from the generator is at a local 
maximum, and a voltage signal proportional to the 
generator current is observed on an oscilloscope in 
order to monitor this resonance. The oscillator 
draws power from a -+15 V power supply while 
the amplifier is powered from a source delivering 
45 V DC. This in turn is supplied with 45 V AC 
from the secondary windings of a mains transformer, 
The generator draws no more than about 7 W 
from the mains under normal operating conditions; 
of these about 2 W at most will be supplied to the 
fragmentor itself. 


IN VIVO RABBIT LENS EXTRACTION 


To date, eight experiments on rabbits have been 
done, two with survival. 


Lens extraction with ultrasound 76x 


Preliminary 


Atropine was administered topically at five-minute 
intervals beginning 30 minutes before the start of 
the procedure, while an intravenous injection of 
nembutal given in conjunction with an ether mask 
was used to produce a sufficiently deep state of 
anaesthesia. Phenylephrine 10 per cent and cocaine 
hydrochloride 4 per cent were administered once, 
five minutes before the operation. (Some deaths 
early in the anaesthetic were probably due to 
systemic absorption of too frequently administered 
phenylephrine r0 per cent, cocaine 4 per cent, or 
atropine I per cent.) Lid sutures were used. Two 
limbal traction sutures were inserted, one ternporally 
and one at 6 o'clock, to allow firm fixation of the 
eyeball so that accurate incisions of half-thickness of 
cornea just anterior to the limbus could be made. 


Needle insertion and anterior capsule incision 


Against countertraction on the limbal fixation 
sutures, the needle-fragmentor and the irrigation 
needles were easily inserted through the deeper half 
of the cornea. The bevel at the fragmenting tip must 
be sufficiently sharp to allow penetration with mini- 
mal corneal trauma. The resulting punctures should 
be small enough to minimize loss of aqueous humour 
during and after the operation. The irrigation 
needle and the aspirator-fragmentor needle, which 
are reasonably manoeuvrable in the anterior 
chamber, are used to incise the anterior lens 
capsule in a cruciate pattern. 


Lens fragmentation and aspiration 


The process of lens removal is initiated by passing 
saline through the eve at a rate of about 2 ml a 
minute and then switching on power to the tuned 
lens fragmentor. Typically rs W of electrical 
power at a root mean square voltage of 120 V is 
supplied at an oscillating frequency of about 35 kHz, 

Lens material sucked on to the active tip is 
‘shredded’ by the ultrasonic vibrations, and drawn 
down the suction pathway of the lens fragmentor- 
aspirator into the collecting syringe. In the absence 
of ultrasonic vibrations, however, no lens cutting 
is achieved. 

The aspiration flow serves also to stabilize the 
temperature of the fragmentor which tends to heat 
up because of mechanical losses in the metal which 
experiences large cyclic stressing forces. To avoid 
over-heating, power must be cut off when aspiration 
flow ceases and not turned on again until aspiration 
flow is re-established. 

The lens material tends to prolapse into the 
anterior chamber and becomes more accessible, 
hence improving the cutting rate. Material can be 
scavenged from beneath the iris by aspiration in 
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the absence of fragmentation while any leakage at 
the limbal incisions can be replaced by the use of 
the independent plunger control in the irrigation 
limb. All visible lens fragments with the exception 
of the posterior capsule and peripheral parts of the 
anterior capsule were generally removed in about 12 
minutes, during which time about 25 ml of fluid had 
been used. Flow (and power) should be intermittent, 
otherwise the saline passes directly from the 
irrigator to the aspirator and avoids lens matter; 
during pauses in the flow of fluid, the tip of the 
aspirator-fragmentor should be positioned on 
lumps of lens matter which can then be scavenged 
and pulverized as soon as flow starts again. The 
fragmentor needle is then withdrawn. The anterior 
chamber is deepened by injection of saline through 
the irrigation needle which is also then withdrawn. 
On account of the small size of limbal wounds, 
there is usually no subsequent loss of anterior 
chamber and no need for suturing. 


SUBSEQUENT OBSERVATIONS 
Terminal experiments 


[n several experiments at the end of which the 
rabbit was killed, the condition of the vitreous face 
was assessed directly after the extraction procedure. 
It was generally found that the ruptured anterior 
capsule was inconspicuous. An intact posterior 
capsule always remained so that there was no loss 
of vitreous, although all lens material had been 
removed. There seemed to be no danger of vitreous 
aspiration, presumably because the irrigating fluid 
tends to go directly from the irrigation to the 
aspiration needle. 


Survival experiments 


Ethylene oxide gas has proved an effective agent for 
sterilizing the lens fragmentor. Any traumatized 
region at the limbus caused initially by a relatively 
forceful entry of the aspiration needle into the 
anterior chamber steadily decreases in extent until 
after three weeks only a small greyish opacity about 
I to r'5 mm in diameter remains (Fig. 5). With 
care the needles can be inserted at right-angles to 
the surface of the cornea, and trauma can be 
minimized; if the tip of the needle is pointing 
even slightly towards the apex of the cornea, a 
rather long intracorneal track results with a larger 
area of traumatized cornea. With appropriate initial 
penetration, however, no such opacity was observed, 
initially or subsequently, which would seem to 
imply that the contact between the needle vibrating 
along its long axis and cornea does not, at the levels 
of vibration being used and with sufficient aspiration 
How, contribute towards corneal opacity. 
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FIG. 5 Corneal opacity at 12 o'clock (over pupil margin) 

that is, at entry point caused by passage of aspiration 
needle along layers of cornea before entering anterior 
chamber 


TEMPERATURE STUDIES OF VIBRATING ASPIRATION 
NEEDLE 


An experiment was done to measure the temperature 
variation of points along the powered vibrator while 
aspiration was carried out at carefully controlled 
rates using an infusion pump. A thermister (type 
STC U14) of about o:5 mm diameter was carefully 
encapsulated using only sufficient epoxy resin to 
insulate it electrically from, and ensure excellent 
thermal contact with, the metallic surface of the 
vibrator. The thermister was wired in series with 
a 400 mV DC voltage source and a resistor of value 
similar to that of the thermister at room tempera- 
ture. In the range of temperatures investigated 
(15 to 60°C) the voltage across the constant value 
resistor increased linearly with. the. thermister 
temperature, and in subsequent measurements an 
electrocardiogram chart recorder was used to 
measure the variation of this voltage with time. 


General observations 


Significant heating of the vibrator is produced only 
in the region between the needle tip and side exit 
of the aspiration duct on the cone portion, The 
heating is caused by mechanical losses in the 
structure which is undergoing large stressing 
forces. Equalization of temperatures occurs along the 
needle itself owing to thermal conduction and the 
temperature from apex to base of the cone portion 
falls because heat is conducted to regions where 
less is produced because stress forces are smaller. 
Important factors in determining the needle 
temperature are the input power and the rate of 
aspiration; however, overall design, especially the 
size of needle used, as well as the degree of acoustic 


coupling between the cone and needle sections, are 
also relevant. 


Results 


The excess temperature of the outer surface of the 
needle at the cone-needle junction for two different 
fragmentors at various aspiration rates is shown in 
Fig. 6. The 22 G needle fragmentor was powered 
at 1o and 1-9 W and compared with a 21 G needle 
fragmentor powered at r2 W. Significant heating 
would seem to occur only at the higher input 
powers for aspiration rates of less than 1 ml/min. 
For a given input power the 21 G needle, with its 
slightly larger annular area, tends to heat up more 
readily compared with the 22 G needle. 

Fig. 7 shows the variation in thermister tempera- 
ture. A steady aspiration only is first established. 
This is followed by a period of combined aspiration 
and power which in turn is followed by a period of 
power with no aspiration. The aspiration is then 
resumed, and finally the power is switched off. 
The fast response of the system is indicated by the 
rapid changes in temperature at the various steps. 

Provided therefore, that the aspiration rate is, 
maintained at a level of at least 1 ml/min, there 
should occur no thermally induced corneal trauma. 
The Kelman probe (Kelman, 1969, 1973, 1974) 
differs somewhat in its thermal properties (Benolken, 
Emery, and Landis, 1974) in that irrigating fluid 
flows over the vibrating probe before it enters the 
anterior chamber. This may tend to increase the 
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FIG. 6 Graphs indicate measured rise in temperature of 
outer surface of 21 G and 22 G needle fragmentor at 
various aspiration rates together with power inputs, with 
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heat input into the anterior chamber compared 
with the independent irrigation-aspiration design. 


ADVANTAGES OF PROCEDURE 


Manoeuvrability of the cutting needle in the 
eye 1s enhanced because of its small outer diameter 
(an angle of about 135^ can be swept out). 

Also associated with size is increased access to 
eye which simplifies for example scavenging 
under the iris. 

The hmbal wounds do not usually 
suturing. 


require 


PROPOSED USE IN HUMANS 


It is intended, in the first place, to extract soft 
cataracts in humans using the general procedures 
outlined above-—that is, to extract the lens material 
using small needles through an aperture in the 
anterior capsule. A new improved instrument is 
being constructed. 


Capsule consideration : human capsule fragmentation 
studies in vitro 


Even with a maximum tip amplitude of about oob 
mm peak to peak excursion, no significant ultra- 
sonically-induced breakdown of human capsule 
has so far been observed. This is in contrast with 
the softer rabbit capsule. The fronds of human 
capsule must not be allowed, however, to block the 
aspiration needle, which is an occurrence usually 
caused by the capsule impaling itself on the needle 
tip. Aspiration of capsule is facilitated by use of 
large-bore needles and well-developed bevelled 
needle tips. These features will encourage the 
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capsule to be drawn into the aspiration duct rather 
than becoming lodged at the needle tip. 

The capsule behaves in effect like a thin, tough 
polythene sheet which because of its small overall 
volume, can be drawn along the aspiration duct. 
Flaps of capsule 3X 7 mm may be aspirated success- 
fully by a needle of inner bore corresponding to a 
20 gauge needle. 


Procurement of suitable needles 


While the use of larger-bore needles would 
ordinarily imply the disadvantage of decressed 
manoeuvrability and increased wound size, a 
process of electrolytic erosion may be employed by 
the manufacturer* to produce economically a 
needle of a given bore yet with any required thickness 
of wall. In this process, metal is evenly removed at a 
controlled rate from the outer surface of the needle 
while the inner diameter of the needle is unchanged. 


*Cooper’s needle works, 261-265 Aston Lane, Birmingham Bao 3HS 
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It is also intended to use syringes of up to roo ml 
capacity] in order to increase reserves of fluid in 
the irrigation/aspiration system. 


Summary 


The extraction of the rabbit lens is described using 
a 25 G irrigating needle and a 22 G aspirating 
needle; at the latter's bevelled tip lens fragmentation 
occurs due to the longitudinal ultrasonic vibrations 
generated there—an ‘acoustic horn’ causes the tip 
to vibrate with large amplitudes. 'l'he use of small 
needles allows considerable manoeuvrability in the 
anterior chamber and usually eliminates the need 
for corneal suturing. Push-pull coupled syringes 
equate the volume of irrigation with that of aspira- 
tion. This procedure makes possible lens extraction 
through an aperture in the anterior capsule of the 
rabbit's -lens and a similar machine is being 
constructed for trial on human cataract. 
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Perifoveal vascular leakage and macular oedema 
after intracapsular cataract extraction 
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SINGERMAN, 


From the Wilmer Ophthalmological Institute, Baltimore, Maryland 


Cystoid macular oedema is now a commonly 
recognized complication after cataract extraction. 
Irvine (1953) described a syndrome of spontaneous 
rupture of the anterior hyaloid face with vitreous 
adhesions to the wound, irritability of the eve, and 
reduction of vision secondary to macular changes. 
Gass and Norton (1966) correlated the typical 
ophthalmoscopic appearance of dilated spaces in 
the central macula with late pooling of fluorescein 
dye in these spaces after intravenous injection. 
Gass and Norton (1969) described the clinical 
course of the syndrome in a referral population of 
48 patients. Typically, visual acuity was initially 
good and then declined 4 to 12 weeks after cataract 
extraction. Forty per cent of those eyes had the 
vitreous attached to the posterior surface of the 
wound and many eyes had inflammatory cells in 
the posterior vitreous. Other authors have reported 
that this syndrome occurs in approximately 5 to 7 
per cent of patients after cataract extraction 
(Gehring, 1968; Maumenee and Meredith, 1974). 

Irvine, Bresky, Crowder, Forster, Hunter, and 
Kulvin (1971) reported on roo aphakic patients 
who had angiograms 4 to 16 weeks after cataract 
extraction. Forty per cent of the angiograms showed 
dye leakage in the macula with a maximum incidence 
six to eight weeks postoperatively. When repeat 
angiograms were available at the twentieth week 
postoperatively, two-thirds of the patients initially 
demonstrating leakage had reverted to normal. 
'T wo subsequent studies (Hitchings, Chisholm, and 
Bird, 1975; Hitchings and Chisholm, 1975) 
demonstrated an approximately so per cent inci- 
dence of fluorescein leakage from  perifoveal 
capillaries six weeks postoperatively. 

The present prospective study was undertaken 
to investigate further the incidence and time course 
of perifoveal capillary leakage after cataract surgery. 
Factors associated with the presence of leakage 
were also investigated. 


Presented in part at the 34th annual meeting of the Wilmer Residents 
Association, 18 April 1975 
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Patients and methods 


During the 15-month period from December 1993 to 
February 1975, fluorescein angiograms were performed 
on patients two weeks after cataract extraction and, if 
possible, again six weeks postoperatively. Intracapsular 
extractions were attempted in all cases. Approximately 
50 per cent of the patients undergoing cataract extraction 
during this period had angiography. Reasons for patients 
not being included in the study were their inability to 
co-operate, refusal to participate, or inability to schedule 
angiography. The patients comprising this sample did 
not differ in age, race, or sex from the total operated 
population during that period, so that no bias of 
ascertainment existed. Furthermore, the percentage of 
patients in this sample who had operative complications 
was the same as à group of unselected patients under- 
going cataract extraction (Maumenee and Meredith, 
1974). 

Before surgerv all patients studied had a complete 
medical historv; physical examinations included blood 
count and urine analysis. Each had a complete ocular 
history and examination which included visual acuity, 
refraction, external examination, slit-lamp examination, 
gonioscopy, central and peripheral visual fields, and 
dilated fundus examination. ‘Vhorough ocular examina- 
tions were carried out at the time of discharge and at 
each postoperative visit when angiography was 
performed. 

Angiography was performed by the standard tech- 
nique used at the Wilmer Ophthalmological Institute; 
s ml of ro per cent sodium fluorescein is injected 
intravenously, photographs of the posterior pole are 
taken 5 seconds after injection and every second there- 
after for 13 more seconds. Additional photographs are 
taken up to one minute at 3 to 5 second intervals, and 
repeated at 2, 5, 10, and 30 minutes, The Zeiss fundus 
camera with Allen stereo separator and Kodak 'lri-X 
film were used. Stereo colour fundus photographs were 
taken in all cases. Angiograms were evaluated inde- 
pendently by two separate observers who had no 
knowledge of the patient’s systemic condition or ocular 
history. 

Patients were not included in the study if there was 
any ocular condition present known to be associated 
with macular oedema. Thus, three patients with mild 
diabetic retinopathy, one patient with an old branch 
vein occlusion, and one patient with retinitis pigmentosa 
were excluded although they all demonstrated leakage 
of fluorescein dye from perifoveal capillaries Patients 
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were also excluded if they had macular scarring from 
other lesions which interfered with the interpretation of 
the angiogram. Several angiograms were excluded 
because their quality was inadequate for precise 
interpretation, 


Results 


The 44 patients included in this study comprised 
20 men and 24 women; 33 patients were Caucasian, 
and 11 were Black. The average age was 63 vears 
(range 42 to 79 years). 

Fluorescein angiograms done two weeks after 
cataract extraction were available on so eves of 
the 44 patients. At this time, perifoveal capillary 
leakage was present in 30 out of 50 eves (60 per cent) 
and in 25 of 44 patients (56 per cent). Six weeks 
postoperatively, follow-up angiograms were avail- 
able on 17 eves. Twelve of these eyes had initially 
demonstrated leakage at two weeks and 11 continued 
to leak at six weeks. None of the five patients 
negative at six weeks had shown leakage in angio- 
grams two weeks after surgery. 

The pattern of leakage varied widely throughout 
the series. Some patients showed only mild or 
moderate perifoveal capillary staining (Fig. 1) three 
to five minutes after injection, whereas others 
demonstrated extensive leakage with marked pooling 
in cystoid spaces in films taken 15 to 20 minutes 
postinjection. None of the patients with leakage 
demonstrated the dilatation of perifoveal vasculature 
noted in some cases of chronic cystoid oedema. 
Thus, perifoveal vascular dilatation may indicate a 
degree of chronicity that may be the hallmark of 
more severely damaged vessels. 





VASCULAR DISEASE 


Fourteen patients had either demonstrable cardio- 
vascular disease or diabetes mellitus. Seven of these 
patients had adult-onset diabetes mellitus requiring 
medication but did not have background diabetic 
retinopathy. Three had hypertension requiring 
medication. Two had both diabetes and hyper- 
tension. "wo had arteriosclerosis manifested by 
cardiac changes. Thirteen of the 14 patients with 
vascular disease (93 per cent) demonstrated peri- 
foveal capillary leakage. Of the 30 patients without 
cardiovascular disease, only 12 (40 per cent) showed 
leakage. This difference is statistically significant 
at the P<o-oor level. 


AGE 


Of 11 patients under the age of 60 years, only two 
(15 per cent) demonstrated dve leakage, and both 
had cardiovascular disease. Of the 33 patients who 
were 60 years of age or older, 23 (70 per cent) 
demonstrated leakage (Fig. 2a). When the data are 
corrected by excluding patients with the previously 
identified risk factor of vascular dissase which is 
associated with leakage, none of the nine patients 
under 60 years showed abnormal capillary per- 
meability, while 12 of the 21 patients (57 per cent) 
who were 60 years of age or older demonstrated 
leakage (Fig. 25). This difference is statistically 
significant at the P < o:oor level. 


BILATERALITY 


Six patients had bilateral cataract extractions. Five 
patients were positive for abnormal leakage in both 


FIG. 1 Fluorescein angiography at 
two weeks after uncomplicated 
intracapsular cataract extraction, 
Moderate perifoveal leakage is 
apparent seven minutes after 
fluorescein injection 
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eyes, and three of these five had vascular disease. 
One patient did not show leakage in either eve, 


ANTERIOR VITREOUS FACE 


Specific comments about the condition of the 
anterior hvaloid face at the time of initial angio- 
graphy were available for 34 eyes. Of 30 eyes with 
an intact vitreous face, 16 (s3 per cent) showed 
leakage. Of four eyes with ruptured anterior hyaloid 
membrane, three of four (75 per cent) demonstrated 
leakage. 

Late rupture of the anterior hyaloid face occurred 
in three patients with resultant vitreous to the 
wound. All three patients had previously developed 
vision equal to or better than 20/40, and all had 
demonstrated perifoveal capillary leakage before 
the time of the vitreous face rupture. Two of the 
three patients suffered a later decline in visual 
acuity associated with clinically apparent cystoid 
macular oedema. A fourth patient who had initially 
demonstrated no dye leakage developed a ruptured 
anterior face resulting in complete filling of the 
anterior chamber with vitreous. No change in vision 
resulted, and the follow-up angiogram remained 
negative. 


OPERATIVE AND POSTOPERATIVE COMPLICATIONS 


Two patients had inadvertent extracapsular extrac- 
tions with vitreous loss. Both had anterior vitrect- 
omies, and neither had vitreous to the wound. One 
had abnormal capillary leakage at the two-week 
angiogram, and one had not. Two patients had 
inadvertent extracapsular extractions without loss 
of vitreous, and neither had perifoveal leakage. Two 
patients developed postoperative hyphaemas, and 
both demonstrated leakage on angiography. One 
patient was discovered to have a cyclodialysis cleft 
postoperatively. The intraocular pressure was 
normal on the day of an angiogram which showed 
no leakage. 
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VISUAL ACUITY 


At the time of initial angiography, there was no 
difference in the visual acuities between the group 
of patients demonstrating leakage and those who 
did not (Fig. 3a). At six weeks, all five eves not 
obtaining acuity of 20/40 or better had shown 
leakage in the two-week angiogram (Fig. 35). 


ANTERIOR SEGMENT 


Subjective assessment of external injection and 
anterior chamber reaction (rated o to 4+) were 
made at the time of discharge from the hospital 
and at each postoperative visit. Most patients 
demonstrated o to 1-+ inflammation at the time of 
initial angiography, and there was no difference in 
apparent inflammation between the group of 
patients who showed dye leakage and the group 
who did not. Of the 11 patients who demonstrated 
leakage at the six-week angiogram, only one was 
judged to have either external ar anterior chamber 
inflammation, 


INTRAOCULAR PRESSURE 


Intraocular pressure was determined preoperatively, 
at hospital discharge, and at each postoperative 
visit. The difference in the preoperative and post- 
operative values was determined for each patient. 
The range of values and the mean values were the 
same for the group of patients who showed leakage 
as for the group who did not, both at discharge and 
at time of angiography. There were no cases of 
persistent hypotony in either group. 


Discussion 


This study confirms previous reports showing a 
high incidence of fluorescein leakage from perifoveal 
capillaries after cataract extraction (Irvine and 
others, 1971; Hitchings and others, 1975; Hitchings 
and Chisholm, 1975). These earlier reports have 
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Fic. 3a Distribution of visual acuities two weeks postoperatively in all eyes with leakage (solid bar) and 


without leakage (hollow bar ) 


FiG. 3b Distribution of visual acuittes six weeks postoperatively in all eyes with leakage (solid bar) and 


without leakage (hollo:w bar) 


either indicated or assumed that leakage would 
reach maximal incidence at six weeks post- 
operatively, a time when patients are frequently 
found to have symptomatic reduction in visual 
acuity with ophthalmoscopically visible cystoid 
spaces in the macula. Our study indicates that 
leakage consistently develops within two weeks 
after operation and almost uniformly continues to 
be present six weeks postoperatively (11/12 eves). 
In particular, we did not encounter leakage at six 
weeks that had not been present at two weeks, and 
there is no statistical difference in the percentage 
of patients found to be leaking at two weeks in 
our study and at six weeks in the studies by 
Hitchings and others (1975) and Hitchings and 
Chisholm (1975). We have subsequently observed 
fluorescein leakage to be present as early as five 
days after cataract extraction. (unpublished. obser- 
vation). 

A study (Klein and Yannuzzi, 1976) which noted 
only classic ‘cystoid oedema of the macula’ found 
a small percentage (5 per cent) of positive angio- 
grams in the first week. Most of our cases demon- 
strated only mild degrees of perifoveal leakage in 
the early angiograms. Some of these progressed to 
demonstrate the more advanced changes of dilated 
cystic spaces in the macula on the = six-week 
angiograms, while in others the amount of leakage 
remained the same or decreased. 

Vascular disease in the form of hypertension, 
arteriosclerosis, and diabetes mellitus was shown 
to be a significant factor associated with altered 
capillary permeability in the early postoperative 
period. This implies that pre-existing disease of 
small vessels renders them more susceptible to 
develop leakage after cataract extraction, although 


leakage from these vessels before lens extraction 
cannot be ruled out. 

The firm association of leakage with the factors 
of vascular disease and age, coupled with the 
negative correlations with operative and post- 
operative complications, inflammation, and intra- 
ocular pressure suggest that constitutional factors 
are important in precipitating abnormal vascular 
permeability during the early postoperative period. 
The identical angiographic behaviour of both eves 
in each of the six patients studied bilaterally further 
supports this conclusion, 

Perifoveal capillary leakage is compatible with 
20/20 acuity. However, all five patients 1n this series 
who were not correctible to 20/40 six weeks post- 
operatively had had leakage demonstrable by the 
second postoperative week. If the criteria of reduc- 
tion of vision and fluorescein dye leakage from 
perifoveal capillaries after cataract extraction are 
used to define the Irvine-Gass syndrome, then the 
present series demonstrates an approximately 10 
per cent incidence. 

While our data indicate that age and vascular 
disease are important factors in altered permeability 
of perifoveal capillaries in the early postoperative 
period, we are unable to identify precisely the 
cause of persistent dye leakage and decreased visual 
acuity. Gass and Norton (1969) identified operative 
complications, irido-vitreal abnormalities, inflam- 
mation, and vascular disease in a large proportion 
of their patients with aphakic macular oedema. 
Our patients with operative and postoperative 
complications did not consistently demonstrate early 
dye leakage, but the number of such patients in this 


conclusions. 


The precise role of inflammation 1s also not 
clear. Our patients with dye leakage did not show 
any more anterior segment inflammation than did 
patients without leakage. Ten of 11 patients with 
leakage apparent in the six-week angiogram had 
no detectable inflammation at that time. Other 
reports have also indicated that clinical signs of 
anterior segment inflammation are often absent 
(Gass and Norton, 1969; Tolentino and Schepens, 
1965). Vitreous inflammation, particularly the 
presence of cells in the posterior vitreous, has been 
considered important (Gass and Norton, 1969). In 
histopathologically studied cases, inflammatory 
changes of cyclitis, vitritis, and retinal phlebitis have 
been noted (Michels, Green, and Maumenee, 1971; 
Norton, Brown, Carlson, Pilger, and Riffenburgh, 
1975; Martin, Green, and Martin, personal com- 
munication). These findings of widespread intra- 
ocular inflammation seemingly complement the 
clinical indications of the importance of vascular 
factors in the development of this syndrome. 

Once leakage is established, it is possible that its 
persistence in a degree sufficient to cause decreased 
visual acuity is promoted by inflammation and/or 
irido-vitreal abnormalities. This possibility is 
illustrated in one of our patients, a 78-year-old 
diabetic man who had 20/40 vision despite peri- 
foveal capillary leakage six weeks postoperatively. 
Five months postoperatively, however, delayed 
rupture of the anterior hyaloid face had occurred 
with vitreous to the wound, irritation, and subse- 
quent reduction of acuity to 20/70. Angiography 
again demonstrated perifoveal capillary leakage. 

Vascular factors may be important in sustaining 
leakage as well as causing it early in the post- 
operative period. Gass and Norton (1969) demon- 
strated vascular disease in 75 per cent of their 
patients with cystoid macular oedema and in 13 
of 14 patients whose oedema did not resolve within 
the period of their study. It is possible that vascular 
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factors also account for sufficient leakage to cause 
decreased acuity in quiet eves with no inflammation 
or irido-vitreal abnormalities. Aphakic cystoid 
macular oedema may thus represent the final 
common pathway of several separate although 
sometimes related factors which result in altered 
perifoveal capillary permeability. 


Summary 


Perifoveal capillary leakage of fluorescein was 
demonstrated in 60 per cent of 50 eyes when 
angiography was performed two weeks after cataract 
extraction. Repeat angiography six weeks post- 
operatively in 17 eyes demonstrated persistence of 
already established leakage in 11 of 12 eyes and no 
new leakage in five eves previously negative. Cystoid 
macular oedema with visual acuity of less than 20/40 
six weeks postoperatively occurred in five eyes 
(10 per cent). 

Eyes of patients with vascular disease and those 
patients of 60 years or older were found to have 
altered vascular permeability significantly more 
frequently. Inflammation was no more severe or 
prevalent in those patients who demonstrated 
leakage and no inflammation was clinically apparent 
in 10 of 11 eyes demonstrating dye leakage six 
weeks postoperatively. We conclude that the 
constitutional factors of age and vascular disease 
are of prime importance in causing altered vascular 
permeability in the early postoperative period after 
cataract extraction ; factors causing sustained leakage 
with reduction of visual acuity were not demon- 
strated. 
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Copper metabolism in retinitis pigmentosa 


D. K. GAHLOT, P. K. KHOSLA, P. D. MAKASHIR, K. VASUKI, ann N. BASU 
From Dr Rajendra Prasad Centre for Ophthalmic Sciences, New Delhi 


Copper is widely distributed in nature and forms a 
constituent of most foodstuffs. An average daily 
diet of an adult contains about 2 to 5 mg of copper, 
and a large part of this ingested copper is excreted 
in faeces, its excretion through urine being 
negligible. According to Cartwright (1950) an 
adult human body contains a total of roo to 150 mg 
of copper, and a major proportion of it is in 
mammalian plasma and circulates as caeruloplasmin. 
Scheinberg (1966) believed that caeruloplasmin 
played a role in the maintenance of zero copper 
balance in the body. 

There appéars to be a close correlation between 
copper and cellular activity in all living beings. It 
is known that an important connexion between 
copper and pigment formation exists (Underwood, 
1956). As primary retinitis pigmentosa is apparently 


caused by a retinal pigmentary disturbance, a study 


of copper metabolism in patients suffering from 
this disease was undertaken. No report of such a 
study is available in the literature. In this paper 
the results of copper concentration in serum, 
caeruloplasmin concentration in plasma, and copper 
excretion in urine are reported and their possible 
interrelationship in the context of this disease is 
considered. 


Material and methods 

Fifteen patients with primary retinitis pigmentosa 
between the ages of ro and 42 years were investigated. 
All of them belonged to middle class society eating a 
predominantly vegetarian mixed Indian diet. The 
diagnosis of all these cases was based on the positive 
results of the following parameters: 


HISTORY 

Each of these patients had a history of progressively 
increasing night blindness which had started early in 
the first decade. The night blindness did not respond 
to any conventional treatment and it was gradually 
followed by visual disturbances during the day. Some 
of the patients also had a positive family history. 


FUNDUS PICTURE 
A typical atrophic pale disc, attenuation of blood vessels, 
and pigment dispersal could be seen in all patients 
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except two in whom there was only generalized mottling 
of the fundus (Table I). 


VISUAL ACUITY AND VISUAL FIELDS 

Six patients had visual acuities ranging from 6/9 to 6/24 
with or without correction while in nine the visual 
acuity was 6/60 or less. Perimetry showed moderate to 
marked generalized constriction of fields in most of 
them, but one patient showed a ring scotoma and in 
another fields were within normal limits. In others 
perimetry was not possible because of poor vision 


(Table I). 


ELECTRO-OCULOGRAPHY . 

Electro-oculography was performed according to the 
method of Gahlot and Hansen (1974), and each patient 
was found to have a very low ratio. In five electro- 
oculograms were not possible as the patients could not 
see the fixation light during the dark phase (Table I). 


ERLECTRORETINOGRAPHY 


Electroretinographic responses, both scotopic and 
photopic, were recorded and it was found that in five 
cases these were subnormal, while in the remaining 
10 they were flat (Table I). 


OTHER TESTS 


None of these patients had a positive history of any 
systemic infection and their reactions to tests for syphilis 
and tuberculosis were negative. Their erythrocyte 
sedimentation rates were normal and the urine did not 
show albumin, sugar, or acetone. These patients were 
subjected to the following biochemical tests: 
All fifteen cases of primary retinitis pigmentosa 
(1x males and 4 females) were selected to determine 
their level of total serum copper. 'l'his was done 
using the method of Eden and Green (1940) and 
Ventura and King (1951) as modified by Varley (1975). 
Ten normal subjects were included as controls. 
The caeruloplasmin concentration levels in plasma 
using the method of O'Brien and Ibbott (1964), a 
modification of Ravin (1961), were established by 
determining the copper oxidase activity in 1o patients 
(7 males and 3 females) and in ro normal people as 
controls (Tables II and IIT). AU glass instruments 
were thoroughly demineralized and all of them except 
the blood collection tubes were siliconized. The 
clear plasma was stored at 4°C before analysis but 
never for more than one week, The haemolysed 
sample was discarded. 
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Table I Clinical and electrophysiological parameters for the diagnosis of retinitis pigmentosa 





Electro-oculography 





Patient dg: mE Visual acuity Electraretino- ratio Visual fields Fundus 
"o. (years) Sex ————  graphy — € €—— 
Right eye Left eve Right eve Left eve 
1 xt Male PL PL Subnermal Not possible Not possible Pale, blood vessels attenuated, 
PR PR pigment apa oss 
2 22 Female 6í9 6:9 Flat [zz 110 Tubular Pale, blood vessels attenuated, 
pigment 
3 25 Male 6/36 6/24 Flat 125 125 "Tubular Pale, blood vessel: attenuated, 
4 25 Male 6/60 6:35 Subnormal 100 i15 Generalized Pale, blood vessels attenuated, 
=bg 66 constriction pigment 
5 25 Female 2/bo 249 Flat 190 100 ‘Tubular Pale, blood vessels attenuated, 
pigment =- 
6 28 Male 6/9 6:9 Subnormai 112 135 Generalized Pale, blood vessels attenuated, 
constrictión pigment 
7 13 Male PL PL Flat Not possible Not possible Pale, blood vessels attenuated, 
PR PR pigment + 
8 21 Male 6/18 6/18 Flat [10 100 Generalized Pale, blood vessels attenuated, 
constriction pigment 
9 34 Female 6:60 6 to Subnormal rio 120 Ring scotoma Pale, blood vessels attenuated, 
24 6:24 pigment 
IG 42 Female 6:60 be Flat 100 100 Generalized Pale, hlood vessels attenuated, 
constriction pigment 
tt 22 Male CF hiso Flat 115 120 Generalized Pale, blood vessels attenuated, 
im constriction pigment 
12 25 Mal: CE CF Flat Not possible Not possible Pale, blood vessels attenuated, 
im im generalized mottling 
No pigmentation 
13 42 Male CF Cr Flat 119 110 Not possible Pale, blood ves:e/s attenuated. 
1m Im pigment 
14 1o Male PL PI Flat Not possible Not possible Pale, blood vessels atienuated, 
PR PR generalized mottling 
15 22 Male CE CF Subnormal Not possible Normal Pale, blood vessels attenuated 
2m am pigment - + 
Flat — Extinguished; = —- Improves to; PL — Perception of light; PR — Projection of rays; CF — Counting fingers 


Copper excretion in urine was determined using the 
method of Gubler, Lahey, Aschenbruker, Cart- 
wright, and Wintrobe (1952) as modified by Henry 
(1968). Ten patients (8 males and 2 females) and 
five normal subjects were included (Tables IV and V). 


Observations 
SERUM COPPER CONCENTRATION 


The results showed that the concentration of total 
copper in the serum of normal subjects varied from 
60 to 150 ug. 100 ml of serum, 97°7 = 27°13 (n = 10). 
However, the copper concentration in patients with 
retinitis pigmentosa varied from 36 to 108 gg/100 ml 
of serum, 77:6 
the mean figure in these patients was not significant 
at s per cent level (P008) although individually 
some of them had figures lower than normal. 


PLASMA CAERULOPLASMIN CONCENTRATION 


(Tables II and IID 


The caeruloplasmin in optical density units in. normal 
subjects ranged from o:19 to 031 (mean 0:23) while that 
in patients ranged from o:15 to 0:03 (mean oog). Con- 
verting the average figures of optical density units in 
terms of caeruloplasmin concentration in mg (Ravin, 
1961) gives 20:12 mg. 100 ml for normal subjects and 
zomg roo ml for patients. This showed that the concen- 
tration of caeruloplasmin in the plasma of patients with 
retinitis pigmentosa was significantly lower (P< voor). 


COPPER EXCRETION IN URINE (Tables IV and V) 


The results show a striking and statistically significant 
increase in urinary excretion of copper in patients with 
retinitis pigmentosa compared with normal subjects 
(P< o:001). 
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Table H Plasma caeruloplasmin concentration in 
optical density units in normal subjects 





Subject 
no. Age (years) Sex Caeruloplasmin 
1 26 Female 0:19 
2 22 Female O31 
3 22 Female O22 
4 35 Female 0:19 
3 32 Male 0°20 
6 26 Male 0:28 
4 40 Male O21 
8 30 Male 021 
9 25 Male 0:20 
10 27 Male O31 
——————————— —DRREEEEKÉ 
Mean : 0:23; SD = 0:049 


Table II Plasma caeruloplasmin concentration in 
optical density units in patients with retinitis 





pigmentosa 
5—————»—»—»—-————9———— —— DRE 
Patient 
no. Age (years) Sex Caeruloplasmin 
1 25 Male O1s 
2 25 Female 0°09 
å 10 Male ooh 
4 15 Male 0:07 
š 21 Male oof 
6 25 Male oog 
2 34 Female OOF 
8 42 Male 0:03 
Ü 42 Female 013 
10 10 Male 0:07 


TURNPELABIMBRUAMUOMAAHHPRHIRMIRERDRARAN AUTVVUUPERURIEEENERELOQARNALUNHARUARALPODUREREERARRULR AATA AAAA 
Alean = oog; SD « 0-035; P «oo01 highly significant 


Discussion 


The plasma concentration of copper in Americans 
and Europeans is about 100 ug/100 ml of plasma 
(range 75 to 160 ugíroo ml) (Gubler, 1956; 
Markowitz, Gubler, Mahoney, Cartwright, and 
Wintrobe, 1955; Underwood, 1956; Varley, 1975). 
This corresponds well with the current figures for 
normal [Indian subjects. Blood contains two 
principal fractions of copper. About 6 per cent is 
loosely bound to serum albumin while 94 per cent 
is tightly bound to serum globulin as caeruloplasmin 
fractions. When copper first enters the plasma from 
the gastrointestinal tract it is believed to be loosely 
bound to albumin and is gradually transferred in 
the liver to caeruloplasmin. Some is present as 
free cupric ion which is in equilibrium with copper 
loosely bound to albumin. The loosely bound 
copper is probably the portion being transferred 
because unlike copper bound to caeruloplasmin it 
can diffuse freely across semipermeable membrane 


and appears in urine. From plasma, copper goes 
to several sites in the body and exists in many forms 
in vivo, the total function of which is not vet known. 

Copper metabolism seems peculiarly susceptible 
to alterations in a wide variety of clinical conditions. 
Many conditions are accompanied by a marked 
increase in plasma copper such as most chronic 
infections, myocardial infarction, hyperthyroidism, 
hepatitis, post-hepatitis cirrhosis, portal cirrhosis, 
iron deficiency anaemia, hypoproteinaemia, pellagra, 
chronic alcoholism, schizophrenia, Hodgkin's dis- 
ease, scleroderma, leukaemias, and carcinoma 
(Scheinberg and Sternlieb, 1960). Like erythrocyte 
sedimentation rate and white blood corpuscle 
count, serum copper is an acute phase reactant 
and is probably related to the general metabolic 
state of the tissue. The condition of hypercupraemia 
is usually associated with a corresponding rise in 
caeruloplasmin concentration because a major part 
of copper exists in the body as a component of 
caeruloplasmin. However, the exact relationship 
is not clear. The occurrence of low serum copper 
levels is less frequent than high levels. Hvpocu- 
praemia in humans occurs in new-born infants, 
sprue, nephrotic syndrome, and hepatolenticular 
degeneration (Scheinberg and Sternlieb, 1960). It 
appears that hypocupraemia is caused by a decrease 
in the concentration of caeruloplasmin. 


Table IV Capper excreted in the urine of normal 
subjects in 24 hours 

POETE ETE DEEE SEEE EEEE GURIRUEEDAR E EEEE SERE AEE Oe 
Subject no. Age (years) Sex Urine (1g 24h) 


Male rj 


I 30 

2 40 Male 38 
3 29 Male 46 
4 23 Male 40 
5 24 Male 25 





Mean = 32ug/24h; SD = 14-02 


Table V Copper excreted in the urine of patients 
auth retinitis pigmentosa in 24 hours 

BACH AAT SOR TTT TOLLAND UOT Gr AONE EROS 
Patient no, Age (years) Sex Urine (ug 24h) 


156 


I 48 Male 
2 25 Male 170 
3 35 Female 169 
4 10 Male 213 
5 i5 Male 260 
6 25 Male 222 
7 & Male 200 
8 12 Female 180 
9 42 Male 151 
io 22 Male 240 


SAAMATTA OTRA AATA 


Caeruloplasmin is an alpha-globulin and accounts 
for most of the copper ions and oxidase activity of 
blood which in turn varies with the serum copper 
levels. The exact nature of physiological function 
of caeruloplasmin is not known except that, being 
a member of the copper enzyme system in the 
body, it is in some way related to the oxidative 
processes of the tissue, probably at the mito- 
chondrial level. 

No report is available in the literature in which 
the copper metabolic state in patients with primary 
retinitis pigmentosa has been studied and, therefore, 
no figures are available on their serum copper and 
caeruloplasmin concentrations or their copper 
urinary excretion. The observations in our study 
show that all the patients had either normal or low 
serum copper concentration although the average 
figure was not significantly lower than normal. 
This normal or near normal figure was associated 
with a highly statistically significant low copper 
oxidase activity—that is low caeruloplasmin con- 
centration. Furthermore, in our series all the 
patients showed a very greatly increased excretion 
of copper in the urine. 

The amount of copper excreted in normal human 
urine varles considerably but the different tech- 
niques used with the possibility of contamination 
with extraneous copper may contribute to the 
divergent results. Rabinowitch (1933) reported 
from ‘traces’ to 7oo ug/24h while Munch-Peterson 
(1950) and Keltz (1959) found 120 to 520 ug/24h 
for adults and 20 to go ug/24h for children. Van 
Revesteyn (1944) reported o to 100 ug/24h while 
Heilmeyer, Keilerling, and Stuwe (1941) could find 
only ‘the most minimal traces’ of copper in urine. 
The preponderance of recent evidence, however, 
indicates that urinary copper excreted is about 
o to 30 ug/24h (Porter, 1951; Mahoney, Bush, 
Gubler, Moretz, and Cartwright, 1955; Butler and 
Newman, 1956). The output is considerably higher 
if there is concomitant proteinuria (Uzman and 
Denny Brown, 1948). Chatterjee and Ganguly 
(1950) observed that an Indian excreted less copper 
in urine than a European probably because of 
differences in diet. 

An absolute magnitude of urinary copper 
excretion is of special interest since increased 
urinary excretion of copper is seen only in hepato- 
lenticular degeneration (Mondelbrote, Stainer, 
Thompson, and Thruston, 1968; Porter, 1949; 
Cumings, 1951) and nephrotic syndrome with 
albuminuria (Cartwright and Gubler, 1954). 

Munch-Peterson (1950) analysing urinary excre- 
tion in nephritis and other conditions causing 
proteinuria found a rough linear correlation between 
amounts of copper and protein excreted. It appears 
that an increase in urinary copper in association 
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with proteinuria could be accounted for by an 
abnormal leak through the glomeruli of the copper 
protein found in the plasma. This cannot account 
for the small amount of excreted copper found in 
normal subjects nor for the greatly increased 
excretion in hepatolenticular degeneration. in 
retinitis pigmentosa this is still more difficult to 
explain because our preliminary investigations 
showed that there was no gross deficit in the kidney 
functions in patients nor was there any significant 
proteinuria. 

Thus our series of patients of primary retinitis 
pigmentosa show a triad of interesting findings: 

Normal or near normal serum copper concentra- 

tion, 

Significantly low caeruloplasmin concentration, 

High urinary copper excretion. 

These findings are important because thev have 
so far not been reported and this combination of 
findings is a feature of chronic copper toxicity as 
seen in hepatolenticular degeneration. Liver biopsy 
studies conducted in some cases of retinitis 
pigmentosa have also shown a few mild non-specific 
changes indicating that in primary retinitis pig- 
mentosa copper metabolism may also be abnormal. 

An attempt was made at producing a condition 
similar to retinitis pigmentosa in monkeys and 
rabbits by injecting them with a copper sulphate 
solution, and details will be published later. The 
condition histologically appears to simulate some 
feature reported for sodium iodate and iodacetate 
indicating that copper may be acting in the same 
manner as these toxic substances. Copper is a 
strong inhibitor of the sulphhydryl group which is 
an essential cofactor in the metabolic pathways of 
glycolysis and necessary for the regeneration of 
visual purple. 

The clinical importance of such an hypothesis ts 
obvious. If it is true, the use of a chelating agente- 
such as penicillamine—may gradually improve the 
condition. On this assumption one of us (DRKG?} 
actually began treatment on two patients in this 
series although the follow-up of a few months is 
too short to judge the response. It thus appears that 
retinitis pigmentosa may not be an abiotrophy but 
a condition of chronic copper toxicity due to an 
inborn error of copper metabolism. 


Summary 


Clinically and electrophysiologically confirmed 
cases of primary retinitis pigmentosa have been 
investigated regarding their copper metabolic state. 
It is observed that these patients show a normal or 
near normal serum copper concentration, very low 
plasma caeruloplasmin concentration, and a very 
high copper urinary excretion. A similarity between 
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Retinitis pigmentosa and Coats’s disease 


I. AYESH*, M. D. SANDERS, anv A. I. FRIEDMANN 
From the Medical Ophthalmology Unit, St Thomas's Hospital, London 


The association of two rare ocular conditions of 
unknown aetiology presents the clinician with an 
opportunity to study interrelating factors. The 
association of retinitis pigmentosa with Coats’s 
disease has been previously reported in three 
patients (Zamorani, 1956; Morgan and Crawford, 
1968), in all of whom bilateral involvement occurred 
with severe visual loss. 

The present case which has been fully docu- 
mented demonstrates the association of bilateral 
retinitis pigmentosa with retinal telangiectasia 
(Coats’s disease) and drusen of the optic disc. 


Case report 


A 15-year-old girl was seen at the Medical Ophthal- 
mology Unit in July 1973 with a 10-year history of 
impaired vision and recent further deterioration. 


HISTORY 


The patient’s birth had been normal although two 
weeks premature and her early development had also 
been normal. At the age of five years she was found to 
be deaf in her right ear and her parents also noticed she 
had poor vision in dim light. In July 1970 at the age of 
12 years she was admitted to the Medical Ophthalmology 
Unit. Visual acuity was 5/60 and N8 in the right eye 
and 6/18 and N8 in the left; colour vision was reduced 
in both eyes. Peripheral visual fields were markedly 
constricted. 

Fundus examination showed exposed drusen of the 
right disc and buried drusen of the left, and a widespread 
pigment epithelial disturbance with a few clumps of 
intraretinal pigment deposition. The choroidal vessels 
were visible and a serous detachment was present 
inferiorly in the right eye. 

There was no family history of retinitis pigmentosa 
or consanguinity although  electrodiagnostic tests 
performed on her two younger sisters showed a slightly 
subnormal light rise in the electro-oculogram (light rise 
right eye 228 per cent, left eve 210 per cent in the 12- 
vear-old sister; right eye 243 per cent, left eve 200 per 
cent in the ro-vear-old sister). 


*Department of Ophthalmology, King Hussein’s Medical Centre, 
Amman, Jordan 
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OCULAR FINDINGS 


In July 1973 the visual acuity in the right eye was 5.60 
and N8 and in the left 6/€0 and N8 with correction. The 
peripheral visual fields showed marked constriction to 
5° from fixation on each side, and the central fields 
showed severe loss of visual function including severely 
diminished macular thresholds (Friedmann analyser). 
Fundus examination showed exposed drusen of the 
right optic disc and widespread degeneration of the 
retina and pigment epithelium including the macular 
region. There were bilateral inferior serous detachments 
with dilated and tortuous retinal vessels. Fluorescein 
angiography (Fig. 1) demonstrated good filling of the 
retinal arterioles which were of normal calibre, and the 
inferior vessels appeared relatively larger than the 
superior vessels. Choroidal fluorescence was visible 
through the deficient pigment epithelium. The retinal 
vessels in the inferior fundus on both sides were dilated 
and tortuous particularly in the periphery, with capillary 
dilatation and microaneurysm formation. Extensive 
retinal and subretinal leakage of dye was visible 


(Fig. 2). 


Electrodiagnostic studies 


Both the scotopic and photopic electroretinograrns 
were almost totally extinguished with the highest in- 
tensity evoking only a very small response. The electro- 
oculogram was flat in both eyes. Laboratory data 
including plasma electrolytes, plasma proteins, Wasser- 
mann reaction and Kahn’s test were all normal. 


Discussion 


The association of retinitis pigmentosa and Coats's 
disease was first described by Zamorani (1956) in a 
16-year-old girl. Zamorani’s patient had a fully 
developed cataract in the eye so that fundus 
changes were visible on only one side, and drusen 
of the disc was not observed. Electrodiagnostic tests 
were not performed. 

Two further cases were described by Morgan 
and Crawford (1968) with typical pigment epithelial 
degeneration and retinal arteriolar narrowing. The 
inferior vessels were dilated and irregular and there 
were inferior serous detachments. Electroretino- 
grams were extinguished and fluorescein angio- 


Lu 


graphy was not performed. 
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The case now reported shows the association of 


pigmentary degeneration with inferior retinal 
telangectasia and massive exudation (Coats's 
disease). Fluorescein angiography shows the dilated 
and tortuous arteries and veins with numerous 
microaneurysms. Electro-oculography in this family 
showed mild impairment of light rise in two sisters, 
although a brother similarly tested at the same time 
had normal results. These findings raise the 
possibility that the two sisters are carriers suggesting 
a recessive mode of inheritance. 

Retinitis pigmentosa is a bilateral hereditary 
disorder of the retinal receptors and pigment 
epithelium which may be present from birth. 
Numerous associations with systemic conditions 
are reported (Alstrom, 1959), and in some a specific 
metabolic disorder is described, as in Refsum's 
syndrome (Refsum, 1946). Drusen of the disc may 
be associated in a few (0:3 to 2 per cent) cases 
(Lorentzen, 1966). Pathological evidence in the 
tapeto-retinal disorders suggests a primary de- 
generation of the receptors and pigment epithelium. 
Several aetiological mechanisms have also been 
implicated for drusen of the disc including de- 
generation of axons (Seitz and Kersting, 1962), 


degeneration of neurozlia (Fuchs, 1926), and 


FIG. 1. Arterial and early venous 
phase of the fluorescein angiogram, 
inferior retinal vessels appear largei 
than superior 1 essels. Note 
widespread pigment epithelial 
disturbance and the patchy 
choroidal fluorescence 


migration of the pigment epithelium (Lauber, 1921). 

In contrast Coats's disease is a rare unilateral 
disease without any hereditary pattern or systemic 
associations which develops in the second and third 
decades. Recent electron microscopical findings, 
however, suggest a primary defect in the vascular 
endothelium producing increased permeability 
(Tripathi and Ashton, 1971) and resultant massive 
exudation. Dilatation of the retinal feeder vessels 
in our patient might be explained by the increased 
perfusion. The presence of bilateral retinal telan- 
gectasia with tapeto-retinal degeneration and drusen 
in a number of reports suggests a possible linked 
association. Although speculative, this could be 
explained as a primary degeneration involving the 
retinal retinal axons, the retinal 
receptors, and pigment epithelium. 


vessels, the 


Summary 


The association of bilateral retinitis pigmentosa, 
Coats's disease, and drusen of the optic disc has 
been described. Previous reports are discussed and 
the association could be explained as a degenerative 
condition involving retinal vessels, retinal receptors, 
and axons. 


FIG. 2 Venous phase and the 
dilated tortuous inferior temporal 


retinal vein is clearly seen with a 
shunt vessel 
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The optic disc in glaucoma 
1: Classification 


R. A. HITCHINGS 

Moorfields Eye Hospital, City Road, London 
AND 

G. L. SPAETH 


Wills Eye Hospital, Spring Garden Street, Philadelphia 19130, USA 


The pale, cupped disc found in the final stages of 
glaucomatous disease has been known from the 
time of Von Graefe (1854). Since then many 
observers have described changes that occur at the 
optic disc in chronic, simple glaucoma. There has 
been particular interest in changes which may 
occur in the early stages of the disease. 

Studies of the normal population have shown 
that while there is a wide diversity in the appearance 
of the normal optic disc, in a single subject (Armaly, 
1969; Fishman, 1970; Kolker and Hetherington, 
1970; Portnoy, 1973) the two discs are remarkably 
similar (Witsiuk, 1966; Kronfeld, 1970; Woodruff, 
1970; Portnoy, 1973). In contrast, individuals with 
glaucomatous disease usually show manifest asym- 
metry of the two optic discs (Fishman, 1970; 
Kolker and Hetherington, 1970). 

Many criteria have been used to describe the 


glaucomatous optic disc. Important among these is ' 


the ratio of the cup diameter to the diameter of the 
entire disc (Pickard, 1923; Snydacker, 1964; 
Hollows and McGuiness, 1967; Armaly, 1967, 1968; 
Schwartz, 1973; Tomlinson and Phillips, 1974). 
This was initially measured horizontally, but 
recently measurement of the vertical cup to disc 
(C/D) ratio has been stressed, after recognition that 
changes in the optic cup tend initially to affect the 
vertical diameter (Chandler and Grant, 1965; 
Kronfeld, 1967; Kirsch and Anderson, 1973; 
Weisman, Assif, Phelps, Podos, and Becker, 1973). 

Stereoscopic examination of the optic disc in early 
glaucoma reveals signs which help to distinguish 
the normal from the glaucomatous cup (Anderson, 
1975; Reed and Spaeth, 1974). These signs are 
evidence for acquired tissue loss and account for 
the asymmetry previously noted. Tissue loss may 
appear in a variety of forms: thinning of the neuro- 
retinal rim, either localized or generalized; depres- 
sion or steepening of the walls of the cup (the 
tinted hollow (Reed and Spaeth, 1974) or saucer); 
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deepening of the cup exposing the lamina cribrosa 
(the ‘laminar dots’ sign (Reed and Spaeth, 1974)); 
and change in the course of the retinal vessel which 
is seen as a sharp change in direction (‘kinking’ or 
bayoneting (Reed and Spaeth, 1974)). In addition, 
the presence of localized regions of nerve fibre loss 
or ‘gutters’ has been demonstrated in some cases 
of early glaucoma by Hoyt, Frisen, and Neuman 
(1973). 

‘The aim of this paper was to assess systematically 
glaucomatous discs and look for those features that 
are commonly associated. As a result, five different 
types of optic disc appearance are described. 

In this paper the term glaucoma has been used 
for all cases in which the intraocular pressure 
exceeded 22 mmHg and glaucomatous cupping 
was visible on stereoscopic examination of the disc. 
This has meant including cases in which the optic 
disc appeared normal by uniocular ophthalmoscopy, 
and even cases in which glaucomatous cupping was 
visible without detectable field loss. 


Material and methods 


This study was based on analysis of stereoscopic disc 
photographs of 252 patients from the files of the 
Glaucoma Clinic at Wills Eye Hospital. The patients 
were mostly cases of known or suspect glaucoma 
attending the Glaucoma Service. In addition, 25 normal 
patients on the files of the Glaucoma Service were 
included. The diagnosis was unknown at the time of 
analysis of the stereophotographs. 

Most photographs were taken within an 18-month 
period using a Zeiss fundus flash II camera with a X 2:0 
adaptor. Stereoscopic photographs were obtained after 
maximal pupillary dilatation by photographing the clear 
optic disc images obtained at each end of a horizontal 
traverse of the camera body. This traverse was usually 
3 to 4 mm. : 

Slides were examined with a stereoscopic viewer. 
"The stereo pairs of the two eyes were directly compared. 
Special note was made of identifying characteristics 
suggestive of tissue loss. 

The following criteria were analysed: 


THE VERTICAL CUP/DIsC (C/D) RATIO 


The ‘cup’ was defined in terms of configuration; its 
extent was determined by drawing a hypothetical line 
vertically on the anterior surface of the disc from the 
most superior to the most inferior aspect of the disc 
margin; the segment of the line not in contact with the 
disc surface was considered to be ‘the cup’. The ratio 
(expressed in tenths) of that segment to the length of 
the entire line was the ‘cup/dise ratio’ (C/D). Pallor of 
the optic disc played no part in the assessment of the 
C;D ratio (Schwartz, 1973). 


THE WALLS OF THE OPTIC CUP 


The specific points checked were: degree of inclination 
in the walls, variation in the slope of the walls of any 
one cup, and difference between cups of the two eves 
in each patient. The presence of a more steeply-sided 
cup despite identical C/D ratios was considered sus- 
picious of enlargement of the cup. 


THE DEPTH OF THE OPTIC CUP 


The depth of the optic cup was described as ‘normal’, 
‘deep’, or ‘bean-pot’. ‘Normal’ depth referred to an 
optic cup which did not show evidence of actual posterior 
bowing of the lamina cribrosa itself; the cup, however, 
could extend as far posteriorly as the ‘laminar dots’ 
(taken to represent the lamina cribrosa) described by 
Reed and Spaeth (1974). In a ‘deep’ cup the lamina 
cribrosa appeared posteriorly bowed. A ‘bean-pot’ cup, 
so called because of its likeness to a spherical clay pot, 
was diagnosed when posterior displacement of the 
lamina cribrosa coexisted with undermining of the 
neuroretinal rim; in transverse section the walls and 
base of the cup formed the major part of a circle. There 
was usually little difficulty distinguishing between a 
flat or a posteriorly-bowed lamina cribrosa. Similarly, 
although there was clearly a spectrum of changes, 
differentiation between the ‘deep’ and the 'bean-pot' 
cup was usually fairly straightforward. In those few 
cases where differentiation between two descriptive 
types was not easy, the shallower type of cup depth was 
chosen. 


THE NEURORETINAL RIM 


The pallor and the width of the neuroretinal rims were 
graded. The colour achieved with transparencies was 
not an exact match with the colours seen on stereoscopic 
examination, and pallor of the rim could not always be 
differentiated from the normal pinkish colour. As a 
result, comments on colour were restricted to recording 
whether the neuroretinal rim was pale or pink. Thinning 
of the neuroretinal rim was far more easily quantitated, 
and ranged from being just noticeable to a complete 
absence of rim tissue with extension of the cup to the 
outer disc margin. The size of the arc involved in 
thinning ranged from a localized segment (producing a 
‘notch’) to circumferential thinning of the entire 
neuroretinal rim. 


DISPLACEMENT OF THE RETINAL VESSELS 


Distinction was made between a gradual curve of a 
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retinal vessel as it passed over the surface of the optic 
disc and a sharp ‘kinking’ or change in the vessel's 
direction either in the same plane as the dise surface or 
at an angle to it. The gradual curve was considered 
normal; the kink was thought to be an acquired change 
that occurred secondary to enlargement of the optic cup. 
Kinking resulted in nasal displacement of the vessels, 
and was of most significance when it occurred at the 
outer margin of the disc. 


PIGMENT CLUMPING 


The presence or absence of pigment clumping around 
the margin of the optic disc was noted. 


NERVE FIBRE LAYER 

The nature of the nerve fibre layer was observed as far 
as possible within the limits of the examination tech- 
nique. Where refractile lines taking the known pattern 
of the nerve fibre layer (NFL) were visible the NFL was 
thought to be present. If none of the gutters or grooves 
described by Hoyt and others (1973) was visible the 
NFL was called ‘intact’. If such a gutter was observed 
it was listed as a nerve fibre bundle defect (NFBD), H 
no NFL could be seen at all it was called ‘invisible’. 


Results 


Stereoscopic photographs from 504 eyes of 252 
patients were analysed. The optic discs were 
divided into two groups, normal and pathological, 
this second being subdivided into five types of 
glaucomatous cupping (overpass, cupping without 
pallor of the neuroretinal rim, cupping with pallor 
of the neuroretinal rim, focal notching of the 
neuroretinal rim, and bean-pot cupping), whose 
characteristics will be described. The overall 
numbers and characterizing features are seen in 
the Table. Stereophotographs illustrating each of 
these examples may be seen in Figs 1-5. 


CHARACTERISTICS OF DISC SUBTYPES 
Normal disc 


A disc was considered ‘normal’ in appearance if 
the neuroretinal rim was pinkish and of equal 
thickness throughout, or with its thinnest portion 
at the temporal margin on the horizontal meridian 
of the disc. There were no sharp deviations of any 
retinal vessel where it traversed the disc surface. 
'l'his type of disc usually had a C/D ratio of less 
than o5, an optic cup of ‘normal’ depth (as defined 
above), and a visibly intact nerve fibre layer. When 
the two optic discs from any patient were highly 
symmetrical, they were considered ‘normal’; this 
latter definition allowed optic dises with a C/D 
ratio greater than o5, a sharply deviating retinal 
vessel, or a poorly visualized nerve fibre layer to be 
included in this normal group. The optic discs of 
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Table 


Clinical features of glaucomatous discs 
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FIG. 1 retinal vessels 
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all 25 patients clinically considered normal fell into 
this category. 


Overpass cupping (Kronfeld, and 


Hitchings, 1975) 


19607; Spaeth 


Where tissue loss within the optic nerve papilla 
was visible on stereoscopic examination, but without 


(dark arrows) pursuing a relatively undeviated course over 


stereo pairs should be examined using a suitable cons ex 


Anes 





the optic cup 


sphere, With higher powers of sphere, fusion mas 


between then 


gross enlargement of the optic cup, the phrase 
‘overpass cupping’ was used. This type of intra- 
papillary tissue loss occurred to a minor degree in 
some dises classed as ‘normal’. More frequently, it 
involved the disc. extensively, and the two discs 
asymmetrically, being the major anatomic abnor- 
mality visible on stereoscopic examination, In these 
cases the retinal vessels could be seen pursuing a 
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FIG. 2 


Cupping without pallor of the neuroretinal rim ; glaucomatous cupping is suggested by localized (inferior ) 


thinning of neuroretinal rim, steeply-sided walls to cup, an angulated course followed by infero-temporal vein around 


rim of cup, and, in this case, a splinter haemorrhage (arrow) 





FIG. 3 


relatively undeviated course across the dise surface, 
apparently unsupported by disc tissue (this 
characteristic of retinal vessels ‘bridging’ an optic 
cup resembles the ‘flyovers’, or overpasses at road 
junctions, hence the name). On direct ophthalmo- 
scopic examination, the optic cup with overpass 
cupping did not appear particularly enlarged as a 
major uniocular clue to the size of the optic cup is 


Cupping with pallor of the neuroretinal rim; glaucomatous cupping asso fated with pallor of all or part oj 
neuroretinal rim. In this example neuroretinal rim (black arrows) has to be differentiated fram adjacent pertpapillar) 
atrophy. Pallor of neuroretinal rim may be seen in one segment (hollow arrows 


displacement of retinal vessels. The true size ol 
the optic cup was only apparent on stereoscopic 
examination. This type of tissue loss (overpass 
cupping) was considered as a separate class 


Cupping without pallor of the neuroretinal rim 


An optic disc with a pinkish neuroretinal rim but 
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FIG. 4 Focal notching of the neuroretinal rim ; neuroretinal rim is very thin in om localized segment, This is associated 
with localized enlargement of optic cup (arrowed). There is no evidence elsezehere on optic disc of enlargement of optic cup 





FIG. 5 Bean-pot cupping ; enormous size of opti: cup, together with posterior bowing of laminar cribrosa and 
gourd, Undermining of neuroretinal rim is emphasized by 


undermining of the neuroretinal rim resembles a ‘hean pot' oi 


the retinal vessels ‘disappearing’ behind the rim for part of their course (arrozces) 


with apparent enlargement of the optic cup was 
considered to have cupping without pallor of the 
neuroretinal rim. The pertinent clues were marked 
thinning of the neuroretinal rim together with 
steeply-sided walls to the optic cup and sharply 


angulated vessels, resulting in an oval cup out of 


proportion to that expected from the shape of the 
optic dise (Portnoy, 1973). This appearance was in 


some cases considered distinctive enough to 
indicate acquired glaucomatous cupping. In other 
cases the changes were less marked, evidence for 
glaucomatous cupping being obtained by compari- 
son of the two Optic discs from one subject. Here 
the following were taken as evidence for enlarge- 
ment: asymmetry of the surface area of the cup (a 
difference of o:2 in the C/ D ratio was considered 


significant); the steepness of the slope of the walls 
of the cup, or the depth of the cup. These signs, 
taken to indicate an acquired change, were most 
frequently noted at the infero-temporal part of the 
cup. The supero-temporal area was the next most 
frequently affected, while enlargement in other 
directions occurred less often. 

Many of these optic discs could have been 
considered normal if examined individually without 
evaluation of the fellow disc. It was only by 
comparing the two discs that asymmetry became 
apparent. 


Cupping with pallor of the neuroretinal rim 


In certain optic disces, cupping was combined 
with pallor of the neuroretinal rim—that is reduced 
vascularity of the neuroretinal rim which affected 
part or all of its extent. Also present were those 
signs described that suggested enlargement of the 
optic cup and thinning of the neuroretinal rim 
secondary to raised intraocular pressure. The nerve 
fibre bundle layer was usually invisible. 


Focal notching of the neuroretinal rim 


In some eves localized enlargement of the optic 
cup with thinning of the neuroretinal rim was 
present (notching), but without apparent cup 
enlargement elsewhere. This appearance was 
sufficiently distinctive to justify a separate category. 
In this series, the notch was usually in the infero- 
temporal quadrant. These eyes had the highest 
incidence of visible nerve fibre bundle defects. 


Bean-pot cupping 


Bean-pot cupping referred to the extreme enlarge- 
ment of the optic cup already described. This 
occurred with or without pallor of the neuroretinal 
rim. 

There was a general tendency for the two optic 
discs of any one patient to exhibit the same optic 
disc tvpe. This was especially true for those cases 
with localized, or focal, notching and those with 
‘bean-pot’ cupping. When the same optic disc 
types were not found, the following combinations 
occurred: normal + cupping with or without 
neuroretinal rim pallor; overpass + cupping with 
or without neuroretinal rim pallor. 


Discussion 


The proportional representation of each type in 
this series does not necessarily reflect the overall 
incidence in a glaucoma population. In the first 
place the population was highly selected because 


of the referral nature of the practice of one of us 
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(GLS) Furthermore, only those patients with 
technically excellent photographs were chosen for 
analysis. 

There appear to be distinct morphological disc 
types occurring in glaucomatous disease. Although 
clearly there was a definite overlap between groups, 
and some features were found common to more 
than one type it was still possible to classify the discs 
into five distinct morphological types. It was the 
predominant feature (overpass, bean-pot, etc.) 
which decided placement, Different optic disc types 
could have simular degrees of visual field loss and 
therefore be at the same stage of glaucomatous 
disease from the functional point of view (itchings 
and Spaeth, in preparation). 

It is always slightly suspect to state that an 
individual optic cup has enlarged without docu- 
mentation in a longitudinal study. "Phe inference 
that such enlargement does occur is based on 
previous studies which reveal striking symmetry 
between the two discs in any one person (Fishman, 
1970; Portnoy, 1973) Furthermore, there is 
evidence that the normal cup is horizontally oval 
or circular (Kirsch and Anderson, 1973; Weisman 
and others, 1973). Vertical ovality of the cup which 
exceeds that which could be explained on the basis 
of the vertical ovality of the disc itself suggests an 
acquired change (Kirsch and Anderson, 1973; 
Portnoy, 1973; Weisman and others, 1973). 

An alternative explanation for an acquired 
enlargement of the optic cup is that it is age 
related. It seems likely that the optic cup may 
enlarge with age. Pickard (1948) noted this from a 
longitudinal study, while Schwartz, Reuling, and 
Garrison (1975) demonstrated an increase in the 
horizontal C/D ratio with age by examining 
stereophotographs of the optic disc. This is at 
variance with the earlier work of Armaly (1967) who 
felt, on the basis of uniocular ophthalmoscopy, that 
the optic cup did not increase with age. Although 
Schwartz and others (1975) did not specifically 
measure it, it seems possible that the vertical C/D 
ratio does not enlarge more than the horizontal 
C/D ratio. 

The existence and extent of peripapillary pigment 
clumping was noted (Primrose, 1972), but the 
present study shows that it is not pathognomic for 
glaucoma as it was found in 27 cases (11 per cent) 
of normal discs and in nine of these it occurred in 
eyes that were considered clinically normal, 
However, in agreement with the finding of Wilensky 
and Kolker (1976) the incidence of pigmentary 
clumping rose considerably with glaucomatous 
disease, occurring in over go per cent of eyes with 
notching of the optic cup and bean-pot cupping. 
In addition, in cases with bilate ral glaucomatous 
disease, the eye with the more advanced changes 
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tended to show a greater amount of pigmentary 


- clumping. 


In those cases where it was possible to re-examine 
the patients with red-free light (Hoyt and others, 
1973), we found that examination of stereophoto- 
graphs for defects with nerve fibre layer appeared 
to be just as accurate. Care was taken to differentiate 
true from pseudo 'gutters'. All cases in this series 
with nerve fibre bundle defects had glaucomatous 
cupping. The nerve fibre layer could not be 
visualized at all in many patients with glaucoma, 


. notwithstanding the presence of normal fields (on 


kinetic Goldmann field testing). Visibility was not 
improved with red-free light. There would appear 
to be a non-specific depression of light reflexes 
arising from this layer which 1s associated with, and 
possibly related to, raised intraocular pressure, and/ 
or age. 

The highest incidence of nerve fibre bundle 


defects was seen in cases with localized notching of 


the neuroretinal rim. There was always a corres- 
ponding 'dense' field defect on Goldmann perimetry, 
in marked distinction from discs in other groups 
where it could be difficult to state whether a field 
defect was present at all. In the group of eyes with 
cupping without neuroretinal rim pallor, it was 
possible to detect changes in the appearance of the 
optic nerve that suggested glaucoma, before nerve 
fibre bundle defects could be seen. It appeared 
that visualization of the nerve fibre layer was a 
valuable guide when present. That it could not be 
seen in many cases, despite full fields, suggests its 
value in diagnosis is limited. 

The variable appearance of the optic nerve in 
glaucoma suggests a different response of the nerve 
to differing disease processes. This may reflect 
anatomical differences between optic nerves, varia- 
tion in the duration of the height of the raised 
intraocular pressure and coexistence of cardio- 
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vascular and haematological disease. 'T'hese: factors 
may act singly or in varying combinations. This i is 
borne out to some extent by our knowledge of the 
natural course of glaucomatous disease. Children 
and young adults are known to develop jglauco- 
matous cupping and visual . field loss jafter a 
comparatively short time. The flame-shaped 
haemorrhage may indicate sudden visual field loss 
(Drance and Begg, 1970). Conversely some nerves 
appear capable of withstanding many years of 
increased intraocular pressure without 'damage. 
The appearance of the glaucomatous disc may be 
affected by many factors. Recognition of differing 
morphological types may be a step towards recog- 
nizing the predominating factors in each’ case. 


Summary 


Five different descriptive types of gla comatous 
optic discs are described, based on the examination 
of X2 magnification stereophotographs of 252 
patients from the files of the Glaucoma Service at 
Wills Eye Hospital. The method of dnalysis is 
described in detail. These types include: overpass 
cupping, cupping without pallor of the neuroretinal 
rim, cupping with pallor of the neurorétinal rim, 
focal notching of the neuroretinal rim, and bean-pot 
cupping. 

These morphological types may be ‘caused by 
variations in factors contributing to the pdthogenesis 
of glaucomatous eyes. Recognition of these differing 
types may help in determining the factors in each 
case. 


We thank Mr R. J. Smith, and Professor J. Gloster for 
their advice. 

The investigation was supported by National Institute 
of Health Research Grant No. iau from the 
National Eye Institute. 
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Plasma cortisol suppression response in the South Africa 
Black population with glaucoma 


MAURICE H. LUNTZ 


From the Glaucoma Clinic, St John Eye Hospital, Baragwanath, South Africa 


Results of a plasma cortisol suppression test have 
never been reported in a Black glaucoma population, 
although there have been reports of tests carried 
out on glaucomatous patients generally. The 
results have varied from marked suppression in 
glaucomatous patients (Becker, Podos, Assef, and 
Cooper, 1973; Rosenberg and Levene, 1974) to no 
suppression at all (Schwartz and Levene, 1972). 

Glaucoma of all types is prevalent in the South 
African Bantu (Luntz, 1973). All the patients in 
this study were seen at the Glaucoma Clinic, St 
John Eye Hospital, Baragwanath. 


Material and methods 


Twenty-five glaucomatous patients were tested and 
classified according to their age and sex, and type of 
glaucoma (Table J). A matching group of 19 patients 
awaiting cataract surgery or corneal grafts were also 
tested and classified according to their age and sex 
(Table IT). None of the patients had diabetes nor had 
any been treated with corticosteroids before participa- 
tion in the trial. 

An initial serum cortisol level was estimated between 
7.30 and 8.30 a.m., the time at which blood cortisol 
concentration is highest (Murphy, Engelberg, and Patte, 
1963). Patients in both groups were given 15 mg 
prednisone orally, in three divided doses of 5 mg each 
one, five, and nine hours after the initial blood tests 
had been taken. Again at 7.30 and 8.30 the following 
morning, serum cortisol levels were tested. 

Peripheral serum levels of cortisol were determined 
employing a standard competitive protein binding radio- 
assay. Results were computer-derived using a probit-log 
transformation plot on a weighted regression line. 
Reference sera were obtained from Nuclear Medical 
Systems; these served as controls. 


Results 


‘The serum cortisol level in the control group before 
and after administration of the oral corticosteroid 
is given in Table III. The normal level of cortisol 
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before administration varied from a low of'é '3 ug] 
ico ml to a high of 24:9 ug/1oo ml, this being 
within the normal range at 8 a.m. (Murphy; 1967). 

'Ihe average initial serum cortisol levelii in the 
control group was 13°4 ug/1oo ml. | 

In 13 of the control patients the blood cortisol 
level decreased after administration of predhisone, 
while in six patients there was no decrease ór even 
a minimal increase. The average level of cortisol 
after administration of prednisone in this group 
was 10'9Uug/roo ml. This represents an average 
decrease of 2:5 ug/1oo ml in the plasma cortisol 
level of the control group after the :orally 
administered corticosteroid. 

‘The serum cortisol levels before and after cortisol 
suppression in the glaucomatous patients are shown 
in Table IV. The average initial cortisol level was 


"Table I Age, sex, and type of glaucoma (25 , | 





























patients) 
Glaucoma 
Age range —— Primary Pseudocapsular Chronic 
(years) open-angle exfoliation angle-closure 
Men Women Men Women Men Women 

40-50 3 — — 2 r` 
50-60 3 I a I I seemne 
60—70 2 I 5 — — = 
> 70 — I x — I fm 
Total 8 4 8 I 4 1 

i 
Table II r9 control subjects 
Age range ' 
(years) Men Women 

i 
40-50 3 3 i 
50-60 2 3 i 
60-70 2 4. | 
270 2 — | 
Total 9 10 | 


Plasma cortisol suppression response 


Table HI Plasma cortisol levels in 19 control patients (ugi1oo ml) before and after administration of oral 


cortisone 


i ammeter nena letterhead GREEN AULAM ULM AAEE AAAA Ca Pa dann Neer AEA BAER NCAR rer rent eee ree TT 


Under 60 years 


Hamren meee RRA UPTURN I pe (SQ 


Plasma cortisol level 

Before cortisone 1574 14'O 9'4 
After cortisone 10:7 14-6 10'7 
Over 60 years 

Before cortisone 6/3 13:8 11:6 
After cortisone 43 17'4 12:5 





Table IV Plasma cortisol levels in 25 glaucomatous 
patients (ug/100 ml) before and after administration 
of oral cortisone 





Primary open-angle glaucoma 





Plasma cortisol level 

Age (years) me ert een ~- 
Before cortisone After cortisone 

42 20-0 12:8 

49 9'3 37 

49 24°9 1674 

50 1377 33 

55 23°3 13°9 

57 12:1 37 

6o 21:8 18:9 

62 13:6 i3 

64 I3'0 52 

65 21:2 17:8 

73 i 42 


and pseudocapsular exfoliation 


50 21'4 16:9 
56 1478 35^ f 
58 175 92 
60 11:0 12:2 
5 25:6 16:9 
66 14'2 111 
65 17:1 gen 
" 20'0 131 
72 1877 53 
Chronic angle-closure glaucoma 
41 13:0 111 
42 97 32 
42 15:2 S3 
53 24:6 133 
72 44 4°5 


16:9 ug/100 ml and the postsuppression level 
averaged 9:7 ug/100 ml. In 23 out of the 25 patients 
the plasma cortisol level decreased after orally- 
administered corticosteroids and only two patients 
maintained a steady level. The average decrease 


69 13°5 1077 v iO 133 199 
6:7 12:6 65 219 10:7 175 Leek 
13°9 11:6 1073 249 14a 203 

79 tro $4 1054 120 5^0 


resulting from the administration of prednisone in 
the glaucomatous patients 6-8 ug/100 ml 
(Table IV and Figure). 
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The cortisol suppression response showed no 
significant differences among the different tvpes of 
glaucoma, Table IV. 


Discussion 


There are reports in the literature concerning the 
response of glaucomatous patients to systemic 
corticosteroid administration. There is no unifor- 
mity in the reported results. Schwartz and Levene 
(1972) in one study, and Weinstein and Mori (19 


moy Y 


jms 
working independently, found that the initial 
cortisol levels in glaucomatous patients were 


higher than in a control group. Furthermore, 
Schwartz and Levene (1972) found that glaucoma- 
tous patients behaved like patients with Cushing's 
syndrome and did not respond by lowering their 
serum cortisol levels after administration. of oral 
corticosteroids. Becker and others (1973), however, 
found that in their glaucomatous patients, oral 
cortisone administration caused a marked lowering 
of the plasma cortisol level, that 1s, their glaucoma- 
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tous patients were highly sensitive to the cortisol 
suppression test. 

In a more recent publication, Rosenberg and 
Levene (1974) supported Becker’s earlier finding, 
and reported a significant reduction in plasma 
cortisol levels in their glaucomatous patients 
compared with normal subjects after oral adminis- 
tration of corticosteroids. 

We found that the initial serum cortisol level was 
higher in glaucomatous patients compared with a 
control group (16:9ug/ioo ml compared with 
13'4 ug/1oo ml). This finding correlates with those 
quoted by Weinstein and Mori (1972) and Schwartz 
and Levene (1972) for White patients. 

The suppression of plasma cortisol levels after 
orally-administered cortisone was more marked in 
glaucomatous patients than in the control group, 
an average decrease by 7:0 ug/100 ml in glaucoma- 
tous patients and only 2:5 ug/1oo ml in the control 
group. Becker and others (1973) and Rosenberg 
and Levene (1974) reported similar findings. 

According to Levene and Schwartz (1968), 
people in whom the intraocular pressure rises in 
response to the topical administration of cortico- 
steroids, behave like patients with Cushing’s 
syndrome as far as their response to systemic ad- 
ministration.of corticosteroids is concerned. 'T'here- 
fore, the glaucomatous patients who responded 
markedly to the cortisol suppression test should not 
be topical corticosteroid responders. The response to 
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topical corticosteroids could not be measured i in the 
patients in our study as they all had ¡advanced 
glaucoma and were on full medical treatment. 

In this group of Black patients, therefore, a 
definite reduction of plasma cortisol levels indicates 
that corticosteroid suppression occurred both in the 
control subjects and the glaucomatous, patients. 
The difference between cortisol levels in control and 
glaucomatous patients before initiation of the test 
dose of cortisone is significant to a 99 per cent 
confidence limit. There was no statistical, difference 
between the final suppressed levels of both groups 
(10'9 ug/100 ml as compared with 9:9 g per cent), 
see Figure. 

However, the fall in the level of the plasma 
cortisol is the result of suppression which varied 
significantly (P » o*oo1) when comparing glacoma- 
tous patients with the controls (Figure). 


Summary 


Plasma cortisol suppression was measured in 25 
Black glaucomatous patients and in 19 Black 


‘patients of similar age and sex, but without 


glaucoma, who acted as controls. Initial serum 
cortisol levels were found to be slightly higher in 
the glaucomatous group. The response to systemi- 
cally-administered cortisone was statistically more 
marked in the glaucomatous patients compared 
with the control group. 
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Atenolol versus propranolol 


A comparison of ocular hypotensive effect of an oral dose 


MARGARET J. MACDONALD, PATRICIA M. CULLEN anp 


CALBERT I. PHILLIPS 


From the Department of Ophthalmology, University of Edinburgh, and Princess Alexandra Eye Pavilion, 


Edinburgh 


Both atenolol and propranolol by mouth reduce 
ocular tension in normal and glaucomatous eyes 
(Phillips, Howitt, and Rowlands, 1967; Elliot, 
Cullen, and Phillips, 1975; Wettrell and Pandolfi, 
1975). These drugs are $-adrenergic blockers but 
propranolol affects both 6, and 8, receptors (as well 
as having a ‘membrane’ effect), while atenolol is 
a more specific 5, receptor antagonist and lacks 
the membrane-stabilizing activity of propranolol. 


Aims 


The aim of this study was to compare the ocular 
hypotensive actions of single oral equipotent doses 
of atenolol (50 mg) and propranolol (40 mg) in a 
double-blind cross-over study on 10 patients. 


Selection of patients 


The 1o individuals were chosen from patients 
attending glaucoma clinics; they comprised six 
with open-angle glaucoma, three with chronic 
closed-angle glaucoma, and one with ocular hyper- 
tension. They all satisfied previously-established 
criteria regarding age and general health—namely, 
they were aged 70 years or less and had no evidence 
of cardiorespiratory disease or diabetes, and had 
normal renal function. Only one eye from each 
patient, chosen at random, was included in the 
study. 

Details of the patients including previous treat- 
ment to the eve examined are given in Table I. 


Methods 


Conditions were standardized as far as possible, Local 
treatment to the eye to be examined and systemic 
carbonic anhydrase inhibitors were stopped 24 hours 
before test days. Patients attended as outpatients between 
9.0 a.m. and 4 p.m. with at least a week between test 
days. After initial applanation tonometry on the eye 
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Table I Details of patients 





Patient Sex Age 
(years) 


LDhagnosts Prevtous treatment 


1 Male — 66 OÓpen-angle glaucoma — Pilocarpine 





E Male äs Chronic closed-angle— Peripheral 
glaucoma inidectomvy 
pilocarpine 
4 Female 48 Open-angle glaucoma — Pilocarpine di- 
chlorphenanude 
4 Female 7o Open-angle glaucoma — Pilocarpine 
5 Male 62 Open-angle glaucoma — Cyciodialysis 
(aphakic) pilocarpine 
h Male — 52 Chronic closed-angle Sector iridectomy 
glaucoma pilocarpine 
7 Male 6z Ocular hypertension Nl 
8 Male 2 Open-angle glaucoma — 'Prephine 
pilocarpine 
adrenaline 
G Male 67 Chronic closed-angle — Tris inclusion 
giaucoms 
10 Female 58 Open-angle glaucoma — Pilocarpine 


 ABERÜURURRRDUREREIRÜRERERERRADHERERIAMERAROA NER URIA URBI LUNA RU UU ERI AO AISUBULULEN BAUM AMAA. 5 3 AM UAM RA AMPLO AAA d Her IAM Hil. 


randomly selected for examination, the blood pressure 
and pulse rate were measured and either so mg of atenolol 
or 40 mg of propranolol was given by mouth. The 
observers were unaware of which treatment was given 
and the order of administration was randomized. The 
same three properties were measured at hourly intervals 
for seven hours thereafter, by the same examiners. The 
same procedure was carried out on the second test day 
with cross-over of the drugs; five patients (at random) 
had atenolol first and propranolol second, while the 
other five had the drugs in the reverse order. 


Results 
OCULAR TENSION 


In all ro patients ocular tension fell after both 
atenolol and propranolol. For both treatments a 
significant reduction in mean tensions occurred 
two hours after administration and was maintained 
after seven hours. However, at all times the mean 
fall in ocular tension was greater during treatment 
with atenolol compared with propranolol, and with 
the exception of the sixth-hourly reading, these 
differences were statistically significant, whether 
or not allowance was made for the slightly different 





790 British Journal of Ophthalmology 


Table II Comparison of ocular hypotensive effects of atenolol and propranolol based on adjusted mean 


intraocular pressure in 10 patients 


OLA ATOLL NUR CH CLT TOT La NNT NCTA ON TT ENO TETE: ci IEP ETERS IPP AFR rr PR PVP HUE. 


Hours after treatment 


Propranolol 


Means 27:2 26:3 207 
Adjusted 

Means 23:5 202 
Atenolol 

Means 25'3 22:1 16°F 
Adjusted 

Means 22:6 17:2 
Difference between 

adjusted means 32 30 
SE of difference o'o 1'12 
significance (P) “LOO! “OOS 


3 4 5 6 7 
20°) in 1677 [5:2 1976 
20'1 15:0 16:6 12 I 
179 iS 14°7 159 1677 
17:0 15:8 14:8 I3: 16:6 
31 2 n 2'3 yi 
070 0:72 0:74 i20 a$$ 


A NLL TENS AORN SRST AAA S PUSAN: COBRA Rh SN UUs EPUM UTR 


NS Not significant 


‘Adjusted means’ have been adjusted for the covariate (pre-dose pressure) 


mean starting pressures before the drops were 
given (Table II). 


BLOOD PRESSURE AND PULSE RATE 
There was no reduction in diastolic blood pressure 
after either drug but there were significant falls 
in systolic pressure 2, 4, s, and 6 hours after 
propranolol and three hours after atenolol. 

Two hours after treatment by both drugs there 


26 x 
i \ 
22 
niis isi 
"Ne 


t 


Ocular tension 
— NJ 
o OQ 


c 





4. 








us ae TET 
i 2. $ 4 5 b 7 
Time in hours after dose by mouth 


proc 


FIGURE Graph showing greater effect on ocular tension 
af 50 mg atenolol than 40 mg propranolol. Each point 
represents mean of 10 patients. Means have been 
‘adjusted’ to allow for different starting pressures. Alf 
except "six hour! means were significantly different 


Q © atenola! = propranolol 


was a significant reduction in pulse rate. This fall 
was greater with propranolol but the difference 
was not statistically significant. 


Discussion 


Two papers have shown the efficacy of systemic 
atenolol in reducing ocular tension after a single 
dose (Elliot and others, 1975), and during a period 
of eight days (Wettrell and Pandolfi, 1975) which 
confirms that -adrenergic blockade or, more 
specifically, %, blockade, can produce a net effect of 
reduction in intraocular pressure. These observa- 
tions suggest that the membrane-stabilizing effect 
of propranolol is of negligible importance in 
lowering intraocular pressure because atenolol 
5o mg is more potent than 40 mg propranolol in 
glaucomatous eyes. This conclusion is supported 
because Wettrell and Pandolfi (1975) found no 
significant difference in the ocular hypotensive 
effect on normal eyes of these two drugs which 
they gave in the above doses twice daily for eight 
days. This conclusion was predictable from the 
much greater efficacy of racemic propranolol (that 
is, a mixture of the dextro- and laevo-rotary form) 
than dextro-propranolol since the former has 60 x 
the $-blocking potency of the latter but the same 
effect on membrane stability (Vale and Phillips, 
1070). 

We have no satisfactory explanation for this 
unexpected effect on intraocular pressure of %8- 
blockers which has been discussed at some length 


in the papers already mentioned. It would be 
biologically consistent if adrenergic stimulation 
increased outflow commensurately with increased 
inflow to maintain a steady state. Route of adminis- 
tration may therefore be important-—local applica- 
tion affecting outflow and systemic application 
inflow. Although we suspect that 6-blockers 
given systemically reduce production of aqueous 
humour, the efficacy of propranolol (as well as 
practolol) in the form of eye drops (Vale and 
Philips, 1973) suggests that an improvement in 
outflow may also take place. It will be interesting 
to observe the effect of atenolol eve drops when 
thev become available, not only for theoretical 
reasons but also because, if the expected fall in 
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pressure is confirmed, a B-blocking drug suitable 
for local administration may become available in 
clinical management of glaucoma. 


Summary 


In a controlled double-blind cross-over trial in to 


patients comprising six with open-angle glaucoma, 


three with closed-angle glaucoma, and one with 
ocular hvpertension, a single oral dose of atenolol 
(so mg) was significantly more effective than 
propranolol (40 mg) in reducing ocular tension. 


We are grateful to ICL (Pharmaceuticals) Ltd, tor 
supplies of atenolol (Tenormin ICI) and propranolol, 
and to Dr A. Rushton for information and discussion. 
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Book reviews 


The Eye (Structure and Function in Disease 
Monograph Series). By G. K. KLINTWORTH and 
M. B. Lanpgrs, III. 1976. Pp. 236, figs, tables, 
refs. Williams & Wilkins, Baltimore ($16°50) 


The correlation of clinical conditions with pathological 
changes is essential for the proper understanding of 
diseases of the eye. This monograph, compiled from 
lectures on ophthalmic pathology to medical students, 
explains this clearly and precisely. There are as many 
clinical illustrations as pathological, and both types are 
simple and of good quality. There are no electron 
micrographs nor is electron micrography mentioned. 

Modern concepts on immunology are clearly ex- 
plained and metabolic diseases are particularly well 
described, with explanations of their histochemistry 
and a table giving the types of inherited disease. The 
important subjects of retinal disease and cataract are 
relegated to the last chapter on miscellaneous conditions 
and might have been included earlier. The place of 
fluorescein angiography, now so important in diseases 
of the retina, is insufficiently stressed. 

The text is almost free of errors (‘opthalmic pathol- 
ogy' in the foreword is an exception) and the quality of 
production is excellent. The book is a splendid intro- 
duction to ophthalmic pathology and will be useful to 
those beginning to study the specialty whether at 
undergraduate or postgraduate level. C. A. BROWN 


The Intraocular Lens in Perspective. Edited by 
D. M. WonTHEN and P. S. BINDER. 1976. Pp. 142, 
23 figs, refs. Stratton, New York ($14°95) 

This slight publication comprises a selection of the 
papers delivered to, and the panel discussion arising 
from, a symposium of the same title, conducted by the 
Division of Ophthalmology at the University of Cali- 
fornia in San Diego, 1975. 


Notes 
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Despite the best endeavours of the editors it suffers 
from the lack of continuity commonly associated with 
published symposia and so falls short of the standards 
which the title leads one to expect. The perspective is 
sadly incomplete, and it is necessary to point out that 
there are no controls for the statistics produced by 
many of the contributors. There are, however, some 
most useful tips to be gleaned from the contributions 
of several surgeons experienced in this method of 
correction of aphakia which those interested in this 
field may find of value. A. D. MCG. STEELE 


Modern Problems in Ophthalmology: Ocular 
Immune Responses, vol. 16. Edited by W. 
Boge and M. H. Luntz. 1975. Pp. 333, figs, tables. 
Karger, Basel (US$38-25) 


As with the previous volumes in this series, volume 16 
is based on papers presented at an international meeting 
in Strasbourg (1974). It deals mainly with pathogenic 
immune reactions in ocular tissues of experimental 
animals, The book is divided into five chapters and is 
concerned with retinal antigens and their role in ocular 
inflammation, viral and parasitic immunopathology, 
and laboratory investigations in uveitis. The last chapter 
deals with immunosuppressive treatment. 

There is no doubt this book contains much informa- 
tion of great interest to many experimental ophthal- 
mologists and those interested in the fast growing field 
of ocular immunology. Newcomers who intend entering 
this field will find it to their advantage to read these 
collected papers which are also a good source for 
references. It is difficult, however, to justify the price 
and I can only hope that all ophthalmic libraries and 
research institutions will buy this book because it is 
otherwise beyond the price most ophthalmologists can 
afford. A. H. 8. RAHI 


International Society of Geographic Ophthalmology 


Tunisia, 1 to 5 May 1977 


At the next meeting of the International Society of 
Geographic Ophthalmology there will be symposia on 
the geographical distribution of ocular viral diseases and 
congenital ocular disorders. Free papers concerned 


Mackenzie Symposium 


Stirling, 4 to 7 September 1977 


The fourth William Mackenzie Symposium on the 
intraocular fluids will be held in the University of 
Stirling, Stirling, Scotland. Emphasis will be on fluid 
movement and exchange rather than on biochemistry. 


with geographical ophthalmology will also be presented. 
Further details may be obtained from Dr E. E. Cass, 
Box 688, Fort Smith, NWT, XOE OPO, Canada. 
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Further information may be obtained from Mrs I. J. 
Beard, Tennent Institute of Ophthalmology, Western 
Infirmary, Church Street, Glasgow G11 6NT. 
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HOW SIMPLENE 
BENEFITS THE PATIENT AS WELL 
AS THE GLAUCOMA. 


Because there is no separate 
dropper, the risk of 
contamination and 
subsequent infection 

is negligible. 
























Functional shape is highly 
stable, ridged surface 
helps the patient to 
grip the bottle. 


Simplene effectively 


reduces intra-ocular All in one 

pressure in open bottle and 

angle, primary dropper 

or secondary makes 

glaucoma. Simplene 
easy to use. 

PL 0033/0057 , Nis tase nml 

bother 


Convenient plastic 
bottle will not 
break if dropped, 
can be confidently 
carried in handbag 





Or suitcase 
|.» SIMPLENE 
I Relieves the pressure of glaucoma 
(^ Reduces pressure on the patient 


"A y Simplene is à 
/ Registered Trade Mark 


d / o 
Contents will vw Further information is S 
not spill if ^ available on request from: © 
the bottle is Smith & Nephew Pharmaceuticals Ltd e 
knocked over. Welwyn Garden City. Hertfordshire. England © 
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Drugs and Disease 


The Proceedings of a Symposium organized by the 
Royal College of Pathologists 


Edited by Sheila Worlledge 


Mechanisms of drug action—The molecular basis of drug toxicity w. D. M. PATON @ The . 


incidence of adverse reactions to drugs 0. L. WADE 


Drugs and the kidney—Analgesic nephropathy ALEXANDER KENNEDY @ Problems with 
immunosuppressive agents in renal disease J. S. CAMERON @ Drug treatment of hyper- 
tension PAUL TURNER 


Drug-induced blood disorders—Effect of drugs on red cell membranes: Insights into 
normal red cell shape HARRY S. JACOB @ Immunological mechanisms in drug-induced 
‘blood dyscrasias URS NYDEGGER AND PETER A. MIESCHER @ Clotting and fibrinolysis 
C. R. M. PRENTICE ; 


Drugs and the skin—The clinical aspects of drugs and disease of the skin 1. B. SNEDDON @ 
Immunological mechanisms in the reaction between drugs and the skin J. L. TURK 


Drugs and the liver—Drug metabolism in liver disease L. F. PRESCOTT, J. A. H. FORREST, 
K. K. ADIEPON-YAMOAH, AND N. D. C. FINLAYSON @ Acute liver injury I. c. TALBOT @! 
Long-term effects on the liver PETER J. SCHEUER 


i 


Drugs and the lung—The effect of oxygen on the lung ALBERT E. CLAIREAUX @ The patho-, 


logy of the lung in paraquat poisoning PAUL SMITH AND DONALD HEATH 


The drug dilemma—benefits and hazards—Drug interactions and lethal drug combinations ' 
ALAN RICHENS @ Antidiabetic agents and vascular events H. KEEN @ Hypolipaemic . 


drugs and coronary heart disease A. N. HOWARD @ The widespread use of pesticides. 
J. M. BARNES @ Legislation and drug safety PROFESSOR SIR ERIC SCOWEN 


Price: Inland £3.00; Abroad US$7.50, including postage 


ORDER YOUR COPY NOW FROM: The Publisher, Journal of Clinical 
Pathology, B. M.A. House, Tavistock Square, London WCIH 9JR 
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TRANSACTIONS 

of the 

OPHTHALMOLOGICAL SOCIETIES 
OF THE UNITED KINGDOM 


Transactions of the Ophthalmological Societies of the United 
Kingdom, published since 1880 in a single volume, is now 
published in four separate parts as follows: 


I The Annual Congress of the O.S.U.K. (held in April, published 
in the Autumn) 


Il The Oxford Congress (held in July, published in the Winter) 


III The Cambridge Symposium on ‘The Eye in Connective Tissue 
Disease' held in September, published in the following Spring) 


IV Papers from the Irish, Scottish and and provincial societies, 
Reports from affiliated organizations throughout the world, 
and the Annual Index (published in the Summer) 


Volume price (4 parts): Inland £18-00; Overseas US$49-00 
Parts may be purchased separately. Price: Inland £6-00; Overseas US$16-20 


The first part of Volume 96 was published Autumn 1976 


ORDER YOUR SUBSCRIPTION FROM: 





The Subscription Manager, 
Professional & Scientific Publications, B. M.A. House, 
Tavistock Square, London WC1H 9JR 


BRITISH JOURNAL OF OPHTHALMOLOGY 


«X | 


available. 





The Catford 
Visual Acuity Apparatus 





de. e / 
e ag f s $ 
oe c cu: 
B uu 





y ^ C. 






s 









3 
m 
* ` +” 
4 
= 
d LÀ 
Ex di ls 


: 5 52 J -~ $ 
-a ^a e - 






NOVEMBER 1976 


The Guy's Colour Vision Test 


The Guy s Colour Vision Test is a new test for screening the colour 
vision of young children of school entry age. It does not demand 
literacy, numeracy, manual dexterity or speech from the child. When 
teachers and parents are informed of a child's colour deficiency they 
will be able to adjust their methods to the child's possible limitations. 
The Guy's Colour Vision Test for young children is so simple that 
children enjoy participating and it does not require trained personnel 
Being in book form and easily portable the test can be rapidly 
performed anywhere provided that daylight or the near equivalent is 





This device provides an objective method of 
visual acuity estimation by means of induced 
optokinetic nystagmus 

A close correlation has been established 
between normal, subjective Snellen acuities and 
those obtained with this instrument. [t is 
therefore of great value in the testing of young 
children with squint, congenital cataract and 
mental retardation, particularly those under 
three years of age. from whom it is difficult to 
obtain reliable subjective responses. The Catford 
apparatus is easily portable, and being for use at 
60cm, is convenient for both clinic and bedside 
tests. Because it is simple in operation a result 
can be obtained before the child tires 


Principle of Test 

A target disk of appropriate size is exposed. a 
motor moves it slowly across the field and 
quickly back. The targets have proved effective 
in attracting and holding an infant s attention 
Target size is reduced until fixation, and hence 
nystagmus. ceases 


E «« | Keeler Instruments Ltd. 01-935 8512 
AANA] 21-27 Marylebone Lane, London WIM 6DS. 
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NOTICE TO CONTRIBUTORS 


Communications Papers, which will be accepted on the understanding that they have not been 
and will not be published elsewhere and are subject to editorial revision, and books for review, 
should be addressed to the Editor, British Journal of Ophthalmology, Institute of Ophthalmology, 
Judd Street, London WC1H 9QS. 

The author should make adequate reference to previous work on his subject, and provide a full 
summary of his observations and conclusions. 

Articles must be typewritten on one side of the paper only, in double spacing with ample 
margins. Only recognized abbreviations should be used. Authors are asked to submit two copies 
of the text and references. 


Illustrations These should be marked on the back with the author’s name and the top edge 
indicated. The author is advised to send prints of x-ray films which bring out the exact points to 
be illustrated. Photographs should be printed on glossy paper, and should be a little larger than 
the size desired for reproduction. The magnification of photomicrographs should be given. 
Graphs, charts, and tables should be presented on separate sheets apart from the text. Except 
letters and numbers, which should be lightly written in pencil, diagrams should be drawn in 
black ink on white paper. Glossy prints of diagrams should not be submitted. 


References In the text, the year of publication must follow the author's name, more than one 
paper by the same author in any one year being indicated by a letter (a, b, c) after the date. Refer- 
ences should not be numbered or given in footnotes, but should be listed at the end in alphabetical 
order of authors' names, as follows: Author's name and initials, year of publication (in parentheses), 
title of the paper, the name of the journal (in full) in which the paper appeared, the volume 
number, followed by the numbers of the first and last pages of the paper, thus: 


Snodgrass, M. B. (1976). Ocular findings in a case of fucosidosis. British Journal of 
Ophthalmology, 60, 508-511. 


For books the authors’ names and initials, year (in parentheses), full title, edition, and page 
number, publisher, and place of publication should be given in that order. 

References will not be checked by the editorial office; responsibility for the accuracy and 
completeness of references lies with the author. 


Proofs Contributors will receive oNE proof, and should read it carefully for printers’ errors, and 
check the tables, figures, legends, and any numerical mathematical, or other scientific expressions. 
Alterations to the original text should be kept to a minimum. 


Reprints ‘Twenty-five reprints will be supplied free of charge. A limited number of additional 
reprints may be ordered from the Publishing Manager when proofs are returned. 


Copyright © 1976 by the British Journal of Ophthalmology. This publication is copyright 
under the Berne Convention and the International Copyright Convention. All rights reserved. 
Apart from any relaxations permitted under national copyright laws, no part of this publication 
may be reproduced, stored in a retrieval system or transmitted in any form or by any means 
without the prior permission of the copyright owners. Permission is not, however, required to 
copy abstracts of papers or of articles on condition that a full reference to the source is shown. 
Multiple copying of the contents of the publication without permission is always illegal. 


NOTICE TO ADVERTISERS 


Application for advertisement space and for rates should be addressed to the Advertisement 
Manager, British Journal of Ophthalmology, BMA House, Tavistock Square, London WC1H oJR. 


NOTICE TO SUBSCRIBERS 


Annual subscription rates including postage by surface mail are {24-00 in the United Kingdom 
and the Republic of Ireland, and US$65:50 in all countries overseas. 

Payment for overseas subscriptions should be made in dollars, i.e. $65:5o, payable to the 
British Medical Association. Orders can also be placed locally through any leading subscription 
agent or bookseller. (For the convenience of readers in the USA subscription orders, with or 
without payment, can also be sent to: BRITISH MEDICAL JOURNAL, 1172 Commonwealth 
Avenue, Boston, Mass. 02134. All inquiries, however, must be addressed to the publisher in 
London.) 

All inquiries regarding airmail rates and single copies already published should be addressed 
to the publisher in London. 


pilocarpine you can always 
be sure of. 


Sno-Pilo is presented in a specially designed, easy-to-use, plastic dropper bottle containing 10ml pilocarpine 
hydrochloride eye drops There are five strengths available: 0-596 w/v, 10% w/v, 2 0% w/v, 30% w/v and 4:0% w/v 
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STREAK RETINOSCOPE. The magnetically the focus control also governs a convenient 

controlled light image of the streak retinoscope fixation light. 

rotates through 360”, and is long enough to 

intersect trial frame or refractor unit axis scales, POCKET RETINOSCOPE. With full scale 

while the focus control permits plane and concave refractive accuracy packed into a miniature shape, 

mirror vergences. the Pocket Retinoscope is compact enough to carry 
at all times. This fixed focus aperture mirror 

FOCUSING SPOT RETINOSCOPE. A "square" instrument will give quick, clear results under widely 

compact light filament eliminates pseudo- varying conditions, and could frequently obviate 

astigmatism, and gives an excellent reflex. Light the need for a more complicated examination 

vergence is variable to suit differing techniques, and procedure. 


É Keeler Instruments Ltd. 
21-27 Marylebone Lane, London WIM 6DS. 01-935 8512 
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Ophthalmic Equipment 





MAGNIFIERS 


AND OTHER VISUAL AIDS 


We present a comprehensive range of 


hand, stand, headband and spectacle 





frame magnifiers with many other visual 
aids such as Protem Aphakic, Plano-Protem 
and Recumbent Spectacles; also the Phillpotts Eye Shield 


and various specialised aids for low visual acuity. 


Our new catalogue lists many items in this field, not easily 
found together elsewhere 
and forms a convenient 
reference for the 
Ophthalmic Surgeon 


and Purchasing Officer. 





For a copy of this unique catalogue, please contact Frank Cornish: 


THE RAYNER OPTICAL COMPANY LTD 
17 Lorna Road, Hove, East Sussex BN3 3EP 
Tel: Brighton (0273) 732484-778331/2 
Telex: 87323 (FSI Brighton) Rayneropt 
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Carbon monoxide retinopathy. L. C. Dempsey, J. J. O'Donnell, and J. T. Hoff 
Exudative retinal detachment and scleritis in polyarteritis, Richard A. Kielar 


m ES 
| AMERICAN JOURNAL 
| OF 
| SERIES 3 VOLUME 82 NUMBER 5 NOVEMBER 1976 
TABLE OF CONTENTS 
| ORIGINAL ARTICLES 
Techniques of argon laser photocoagulation of diabetic disk new vessels. Hunte: L. Little, H. Christian 
Zweng, Robert L. Jack, and Arthur Vassiliadis 
Contraction of a perifoveal membrane simulating a macular hole. Arthur W. Allen, Jr., and J. Donald 
Gass 
| 
! 


t 
| 
Pars plana vitrectomy In the management of endogenous Candida endophthalmitis. Robert C. 
: Snip and Ronald G. Michels 
| 
| 


Recurrent amylold Involvement in the vitreous body after vitrectomy. A. Rodman irvine and Davron 
H. Char 


Steven M. Podos 


Clinicopathologic correlation of microphthnimos with cyst. George O. Waring ili, Alan M. Roth, 
and Marlyn Rodriguas 


Histological and physiological studies of cyclotherapy in primate and human eyes. Harry A. Quigley 
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8.5, 9.0, 9.5. Each trephine includes two dis- 
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Ophthalmic Literature 





EDITOR: Sir Stewart Duke-Elder 
ASSISTANT EDITOR: Stephen J. H. Miller 


EDITORIAL BOARD: M. A. Bedford, J. M. Cappin, D. F. Cole, E. W. G. 
: Davies, Peter Fells, T. J. ffytche, A..Harden, Barrie Jay, J. H. Kelsey, 
I. Luke, A. S. Mushin, E. S. Perkins, R. J. H. Smith, R. C. Tripathi 


ASSOCIATE EDITORS: Australia, R. F. Lowe; Austria, K. Hruby; Belgium, J. 
Francois; Brasil, A. L. de Medeiros; Canada, H. Reed; Chile, A. Gormaz B.; 
Czechoslovakia, M. Klima; Egypt. M. S. E. Mostafa; France, F. Hervouét, 
S. Vallon; Greece, J. Charamis; Holland, N. M. J. Schweitzer; Hungary, P. 
Weinstein; /ndia, S. R. K. Malik; /srae/, |. C. Michaelson; /ta/y, M. G. Bucci, 
N. Orzalesi, P. de Palma; Japan, A. Nakajima; New Zealand, G. Fenwick; 
Poland, J. Burau; Rumania, P. Vancea; Scandinavia, G. von Bahr; South 
Africa, S. Etzine; Spain, A. Arruga; Sri Lanka, |. Sri-Skanda-Rajah-Sivayo- 
ham; Switzerland, R. Kem; Turkey, C. Orgen; USA, J. L. Baum, D. Gold, 
J. Price; Venezuela, H. S. Novich; Yugoslavia, N. Ljustina- Ivančić, A. Pišteljić. 


TECHNICAL EDITOR: Kathleen A. Taylor 


Ophthalmic Literature is the Te to virtually all published information on 
ophthalmology in both its basic and clinical aspects, and is the most comprehensive 
ophthalmic abstracting medium. Each issue consists of carefully prepared, infor- 
mative abstracts in English of relevant articles in medical and scientific journals 
throughout the world; each abstract is classified under one of forty specific 
headings with cross-references where necessary. The journal appears quarterly 
with overlapping volumes; a complete volume abstracting a year's- literature 
consists of six issues plus an author and subject index issue and contains over 
6000 abstracts. The clinician desirous of keeping his knowledge up to date or 
the research worker will find the journal invaluable. 
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ADVANCES IN VITREOUS SURGERY 
edited by Alexander Rodman Irvine and 
Conor O'Malley, both of The Univ. of Cali- 
fornia School of Medicine, San Francisco. (58 
Contributors) Vitreous structure, morphologic 
and functional examination of the patient 
with vitreous disease, "open sky” and trans 
pars plana techniques of vitrectomy, and the 
uses of diathermy and ultrasound within the 
vitreous cavity are covered in this comprehen- 
sive text. Chapters are presented on such 
specific problems as complicated retinal de- 
tachments, diabetic retinopathy, and trauma. 
In this book practical clinical experience 
stands side-by-side with imaginative ideas. °76, 
736 pp., 330 iL, 56 tables, 851.00 


BASIC VISUAL PROCESSES AND LEARN- 
ING DISABILITY edited bv Gerald Leisman, 
Brooklyn College of the Citv Univ. of New 
York, Brooklyn, (18 Contributors) The con- 
tributors of this book describe basic processes 
and outline specific disorders, diagnoses and 
treatment possibilities. They also discuss ways 
in which many of the problems encountered 
by these children are based in central nervous 
system deficits. The most frequenily cited 
characteristics of children with learning dis- 
abilities in relation to basic visual processes 
are examined. '76, 456 pp. (6 3/4 x 9 3/4), 
156 il, 18 tables, 527.50 


SO YOU HAVE CATARACTS: What You 
and Your Family Should Know (3rd Pig.) bv 
Albert E. Sloane, Harvard Medical School, 


Boston, Massachusetts, To allay the fears of 


the patient and to save the physician's time, 
Doctor Sloane presents here a narrative se- 
quence of the natural history of a cataract 
from time of its onset until after surgery and 
its correction. with glasses or contact lenses. 
The book is directed toward the person who 
would like to know the whole story, rather 
than the portion with which he identifies. 
Discussed are symptoms, hospital stay, neces- 
Sary care, surgery and other aspects most 
likely to be questioned. 75, 7/72 pp., 5 il, 
$6.50 
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ELECTRONYSTAGMOGRAPHY: Technical 
Aspects and Atlas by Joseph U. Toglia, 
Temple Univ. Health Services Center, Philadel- 
phia, Pennsylvania.. Technical Assistance from 
John Egyed. The initial part of this text 
includes the history and technical aspects of 
ENG, vestibular tests, guidelines for interpre- 
tation, and clinical evaluation of spontaneous 
and induced nystagmus. The second part of 
the book is composed of two atlases. The first 
illustrates technical aspects while the second 
shows ENG records as they pertain to neurol- 
ogy, otology and ophthalmology. 76, 166 
pp., 89 iL, 3 tables, $13.50 


NEUROLOGY OF THE OCULAR MUSCLES 
(2nd Ed., 7th Ptg.) by David G. Cogan, 
Harvard Medical School, Boston, Massachu- 
setts. This book includes nearly all that is 
known of the anatomy and physiology of 
those centers and tracts and the known signs 
and syndromes resulting from lesions in them. 
Every conclusion is documented either by 
personal experience or by experiments and 
thorough review of literature. Important 
changes in the Second Edition include an 
expansion of the section on the recognition of 
anatomic and functional localization in the 
cerebellum and a new section on the enig- 
matic phenomenon of skew deviation. °75, 
320 pp., 169 iL (3 in color), $13.75 


THE ANATOMY OF OCULAR ADNEXA: 
Guide to Orbital Dissection by Frederick A. 
Mausolf, Univ. of Iowa, lowa City. Forewords 
by Frederick C. Blodi and Lester T. Jones. A 
thorough knowledge of orbital anatomy is the 
basis for the clinical science of ophthalmic 
plastic and reconstructive surgery and is essen- 
tial for all modem ophthalmologists. This 
book provides a didactic review and detailed 
dissection instructions with anatomical dia- 
grams. Illustrations are clear and easy to 
orient toward a particular area or interest. '75, 
66 pp., 39 il, $5.50, paper 
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Editorial: ‘Treatment of eyelid tumours 


At one time the treatment of cancer was vested 
more or less exclusively in the hands of the surgeon 
—f no recognition is made of the rather meaning- 
less and sometimes bizarre treatments which were 
provided by certain medical practitioners and which 
had no significant influence on the progress of the 
disease—although, it must be recognized that a 
profound personal interest in a patient afflicted by 
a devastating disease may provide a remarkable 
boost to the morale, despite the absence of anv 
rational basis for the particular treatment, The 
advent of irradiation as a treatment for malignant 
disease marked an important step forward, but 
inevitably there was a considerable conflict between 
the surgeon (who had an established role in the 
treatment of cancer) and the radiotherapist (who 
was striving for such recognition). It is, of course, 
essential in putting forward a new doctrine to 
emphasize its importance, and this almost certainly 
applied to radiotherapy in the early days. However, 
the passage of time is a remarkable natural healer 
of conflict, and this is shown by the numerous 
multidiscipline clinics. which have gradually de- 
veloped over the years with involvement by the 
surgeon, radiotherapist, chemotherapist, and the 
pathologist who is no longer in isolation but 
concerned in correlating the clinical and histo- 
logical features of the disease and particularly. in 
recognizing certain characteristics which provide 
some clue to the likely progress of the disease and 
even the possible response to treatment. 

This recognition. of an interdependence of 
different. disciplines is of significance and in the 
management of many forms of malignant disease 
there is a clear recognition. of the role of each 
different form of therapy. For example, in breast 
cancer radiotherapy usually follows surgical treat- 
ment, whereas in certain forms of malignant disease 
of the bladder or naso-pharynx, irradiation is 
carried out sometimes before surgery. In certain 
other conditions the various roles are slightly less 
defined-—such as in the craniopharyngiomas— 
when some neurosurgeons limit their treatment to 
the immediate relief of pressure by dealing with the 
cystic part of the tumour, particularly if the tumour 
is adjacent to the optic chiasma or tbe associated 
parts of the afferent visual pathways, so that the 


final resolution of the tumour is the province of 
the radiotherapist, whereas other neurosurgeons 
may feel impelled to attempt to eradicate the 
tumour irrespective of its extent. 

In certain situations, however, there seem to be no 
clear guidelines regarding the treatment of cancer, 
and this certainly applies to tumours involving the 
eyelids, as illustrated in the two papers in this issue 
dealing with the same condition; in one the treat- 
ment is surgical whereas in the other it is irradiation, 
This must inevitably lead to confusion in the person 
who 1s confronted by such a case and yet has only 
a limited personal experience of the problem. 

It is obviously not possible in an editorial to 
resolve such a situation, but it is reasonable to try 
to define the scope of the problem. There is little 
doubt that irradiation is an effective procedure in 
most tumours of the eyelids, provided it is carried 
out in a sufficiently thorough manner and provided 
the radiotherapist 1s aware of the damage to the eye 
which may result indirectly from the treatment 
so that every effort 1s made to avoid any complica- 
tions by local measures—such as, by the use 
sometimes of a haptic contact lens. There is also 
little doubt that surgical treatment is effective but 
there are two important provisos: the surgeon must 
have a deep understanding of cancer so that the 
operation is planned to deal with the full extent of 
the possible spread of the disease and this demands 
that the niceties of surgical technique are entirely 
secondary to the consideration of the eradication 
of the tumour; and, the surgeon must have sufficient 
experience to be able to restore an adequate 
functioning eyelid, which is sometimes difficult 
particularly in the upper eyelid when there has 
been extensive disease, otherwise there is the long- 
term problem of exposure of the eve quite apart 
from the cosmetic defect. 

There is one feature which predominates over 
all others in the conflicting claims of the surgeon 
and of the radiotherapist to deal independently 
with tumours of the eyelid; the person who 
advocates a particular method must have the 
knowledge and experience to stand a reasonable 
chance of effecting a cure because the problems of 
a recurrence after either method of treatment are 
likely to be formidable. 
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Radiation treatment of cancer of the eyelids 


M. LEDERMAN 


& 


From the Royal Marsden Hospital and Moorfields Eye Hospital, London 


Eyelid cancers are not uncommon tumours and are 
usually basal cell or more rarely squamous cell in 
character. Their importance lies in their special 
situation since unlike cancer arising elsewhere in 
the skin they can by their natural progression or as 
a consequence of the effects of treatment cause 
impairment or even loss of vision. Although these 
tumours are ‘malignant’, death of the patient rarely 
results from failure of local control, unless the 
disease is very advanced or was mismanaged at the 
outset. In the case of squamous cell cancer, death 
may occasionally result from metastatic spread. 

It should be an obvious ethical maxim that no 
patient should be submitted to a major surgical 
operation if an established and equally effective 
alternative non-surgical procedure is available. In 
the case of skin cancer generally and the lids in 
particular radiotherapy provides such an alternative 
since its curative value has been firmly established 
during the past 50 years. The reluctance of ophthal- 
mologists to advise the use of radiant energy 
appears to relate to the calamities that first attended 
its use by the pioneer ophthalmologists at the 
beginning of this century. The story of their heritage 
of ocular disasters has been transmitted from 
generation to generation ignoring the fact that 
progress in radiotherapy has been such that under 
modern conditions most of the complications, 
particularly the more gruesomely destructive ones, 
can largely be avoided. In view of this the present- 
day tendency to submit patients suffering from lid 
neoplasms indiscriminately to simple excisional or 
plastic surgical procedures without considering an 
established alternative would seem unjustifiable. 

This report on a series of 896 patients (Table I) 
seen at the Royal Marsden Hospital during the 


period 1945~70 describes some of the features of - 


the natural history of lid cancer and by giving the 
results, contraindications, and complications of 
radiation treatment evaluates this method in the 
treatment of lid cancer. The series is a relatively 
large one and the high proportion of ‘previously 
untreated’ cases reflects the value of the long- 
standing liaison the Royal Marsden Hospital has 


Address for reprints: M. Lederman, FRCR, Chairman, Division 
of Radiotherapy and Oncology, Royal Marsden Hospital, Fulham 
Road, London SW3 6JJ 


Cases seen and not treated 90 


had with the main eye hospitals in London and 
also it is to be hoped demonstrates the confidence 
that many ophthalmologists have in radiotherapy. 

Histological verification was obtained in 562 of 
the 630 cases of basal cell carcinoma. In most of 
the 68 cases lacking verification, a biopsy was taken 
but this proved inadequate or was otherwise 
unsatisfactory and by the time the report became 
available the treatment had reached a stage where 
repetition of the biopsy would have provided no 
useful information. 

There is some doubt concerning the diagnosis of 
one case of squamous carcinoma. The inclusion of 
the 10 per cent of patients who lack histological 
confirmation can be excused because the clinical 
diagnosis of a basal cell carcinoma of the skin is 
usually easy and the response to radiation typical. In 
any event this proportion of the cases is small enough 
not to vitiate the conclusions drawn from this study. 

Of the 689 previously untreated patients a num- 
ber had had an excision biopsy before radiotherapy: 
some 8o patients had had an attempted primary 
excision but were promptly referred for post- 
operative radiotherapy because the pathological 
report showed that removal had been incomplete. 

The recurrent cases comprise those patients 
whose symptoms recurred after receiving some 
form of surgery or radiotherapy at other hospitals 
(104 excisions; three excision and radiotherapy; 
five radiotherapy; five excision and plastic repair). 
These patients were referred to the Royal Marsden 
Hospital for treatment after frank recurrence had 
taken place. The patients seen and not treated 
include those who were referred for an opinion, 
some who were advised to have surgery, and a 
few patients who refused treatment. 


Table I Squamous and basal cell carcinomas of 
eyelids and canthi, 1945-70 





Patients Na. 


— 


Previously untreated cases 689 
Recurrent cases 117 


Total 896 





Tables Ila, 6 show the regional distribution of 
the tumours in relation to their sex incidence. The 
well-known preponderance of tumours on the 
lower lid and inner canthus is well shown. The 
basal cell carcinomas are approximately 10 times 
more common than the squamous carcinomas but 
the latter form a higher proportion of the tumours 
of the upper lid and outer canthus. The sex ratios 
are male/female: 1:23 for the basal cell carcinomas 
and 2:93 for the squamous carcinomas. 

Table III shows the age incidence illustrating the 
fact that most of the patients are elderly. 

Table IV shows there is little of significance in 
relation to site or sex: but in the basal cell carcino- 
mas there would appear to be a right-sided male 
predominance while in females the inner canthus 
lesion was more common on the left side. 


Topographical distribution 


It is customary to divide the site of origin of lid 
tumours into upper and lower lid; inner and outer 


Table Wa Basal cell carcinoma. Distribution 
according to site and sex (630 patients) 





Male Female Total 
Site No, Percentage No. Percentage No, Percentage 
Upper lid 485 12°9 29 103 ve ae be 
Lower lid 215 61-8 171. ob 386 613 
Inner canthus 76 238 77 29:3 153 243 
Quter canthus 12 3e 5 rX 7 29 
‘Total 348 100 282 100 630 100 





Table IIb Squamous carcinoma. Distribution 
according to site and sex (59 patients) 





Male Female Total 
Site No. Percentage No. Percentage No. Percentage 
Upper hd... 16 36574 3 20'0 1G 3272 
Lower lid 17 356 $8 — st3 25 4273 
Inner canthus 5 rig 4 206-7 ü 51 
Quter canthus 6 rat a fs io'2 
‘Total 44 100 15 100 59 100 





Table III Carcinomas of eyelids and canthi. Age 
incidence of new cases 





Basal cell Squamous cell 
Male Female Male Female 
Average ages 
(vears) 60:8 64:2 610 65°5 
Youngest 20 18 34 40 
Oldest 7 94 87 88 
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Table IV  Laterality by site and sex 





Basal cell 





carcinoma Males Females 

Site Left Right Left Right 

Upper lid 16 24) H1 i8 

Lower lid 95 117 85 Rs 

Inner canthus 36 40 45 20 

Outer canthus 6 f 1 9 

Total 156 192 147 134 

Squamous cell carcinoma 

Upper lid 5 5 i 2 

Lower lid Ü 8 4 4 

Inner canthus 4 i 4 

Outer canthus I 3 

‘Total 22 22 t b 
——— 
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FIG. 1. Anatomical subdivisions of the lid 


canthus. However, in most early lid tumours it is 
possible to be more precise with regard to the 
particular part of the lid from which the tumour 
arises. In Fig. 1 the palpebral structures have been 
divided into their anatomical components-—that is, 
inner and outer canthus and ciliary, tarsal, and 
palpebral parts for each lid. It has proved possible 
to allocate some 8o per cent of tumours of the upper 
lid and 9o per cent of those of the lower hid to one 
of these three sites of origin. For the more extensive 
tumours where the lid is involved for its whole 
extent the term ‘whole’ has been used and for the 
very advanced cases with involvement of the globe 
or orbit the term ‘unclassifiable’ has been employed., 

Table V shows the topographical distribution 
according to the scheme outlined above. It can be 
seen that in both upper and lower lids the tarsal 
portion is most commonly affected but the ciliary 
portion is affected three times as frequently in the 
lower lid than the upper; whereas in the upper lid 
the orbital portion is affected nearly three times 
as commonly as in the lower hid. 

The incidence of advanced tumours is also very 
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FIG. 2 Lower lid tumours. (a) ciliary ; (b) ciliary ; (c) tarsal 
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PIG. 3 Lower lid tumours. (a) tarsal ; (b) tarsal ; (c) orbital 


Table V Topographical subdivision (689 patients ) 














Site Basal cell Squamous cell Total 
Upper lid No, Percentage No. Percentage No. Percentage 
Ciliars t2 th I S I3 14 
Tarsal 32 43 S 28 37 40 
Orbital 21 28 R^ oe 2h 5 
Whole f N > 3h 3 t4 
Unclassifiable 1 i I 5 A 3 
Total 74 So I) 20 03 100 
Lower lid 
Ciliars 11O 30 B 32 124 30 
Tarsal ING 4h is 60 204 50 
Orbital $3 1! i $ 44 10 
Whole 30 7 | t 31 7 
L nelassifiable S 2 : ^ 2 
‘Total 350 94 25 h 411 t00 
Inner canthus 531 Q5 Ü s 162 100 
Outer canthus I7 933 6. 27 23 100 
‘Total 30 50 O89 





different in each lid. Nineteen per cent of the 
upper lid tumours are advanced (whole and 
unclassifiable) as opposed to 9 per cent in the 
lower lid. ‘The reasons for this are possibly: 

1. The greater incidence of ciliary lesions on the 
lower lid which are more likely to produce 
irritative symptoms. 

2. ‘The presence of epiphora if the lower punctum 
is involved. 

3- On gazing directly at the eve the whole of 





the lower lid is open to inspection by the 
patient whereas to see the whole of the upper 
lid the affected eve has to be closed or the lid 
pulled down and inspection is therefore much 
more difficult. 

Figs 2 to 6 illustrate the different topographical 
sites. The differentiation between ciliary and tarsal 
lesions is often difficult but in Fig. 2 it can be seen 
that in early lesions the lashes provide a reasonable 
baseline for identification. In the ciliary site the 
tumour is above the lashes or the lashes bisect it 
equally, whereas in the tarsal lesion the lash margin 
may be free or if it is involved the bulk of the tumour 
is below this line. The separation between tarsal 
and orbital lesions rarely presents problems although 
when both parts of the lid are affected the bulk of 
the tumour is usually on one or other side of the 
orbitopalpebral sulcus. Loss of lashes in relation to 
the tumour may occur with both tarsal and ciliary 
lesions, but usually the remaining lashes help in 
identifving the level of origin of a given tumour. 

Figs 7a, b (Mustardé and Jones, 1970) show 
schematically the direction and site of insertion of 
the main fasciculi of the orbicularis oculi muscle. 

It is not too difficult to imagine the similarity 
between the distribution of these sphincteric fasciculi 
and the sites of origin of the overlying skin tumours. 
Equally the frequency with which the inner canthus 
and lower lid are involved seems to be reflected in 
the manner and site of insertion of the muscle 
fibres. 


Upper lid tumours. (a) ciliary ; 
(b) ciliary ; (c) tarsal ; (d) orbital 


FIG, 4 





That this should be so is within the bounds of 
legitimate speculation since in other parts of the 
body cancer tends to arise in relationship to 
sphincteric mechanisms (Lederman, 1964). This is 
particularly so in the case of the upper air and food 
passages where the direction taken by food and 
air on entering the body is controlled by a series of 
strategically situated complex sphincters. Cancer 
does not occur haphazardly in the upper air and 
food passages but mainly at those sites of physio- 
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FIG. 5 Inner canthus. 

(a) commissure free ; (b) invasion « 
commissure ; (c) invasion of upper 
lid ; (d) invasion of lower lid 


logical activity corresponding to the sphincteric 
regions. It is suggested that a comparable relation- 
ship exists between the orbicularis oculi sphincter 
and the epithelial tumours arising from its integu- 
mentary covering. 

The occurrence of multiple lesions on the lid 
which may be either synchronous or consecutive is 
another feature characterizing sphincteric cancers. 
The multiple lesions illustrate the tendency that 
exists towards ‘cancerization’ of the whole of a 
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given sphincteric mechanism. In this series there 
were 19 patients with basal cell carcinoma who 
presented with multiple lid tumours. Thirty-three 
patients had multiple tumours involving lids and 
other parts of the skin, and 24 subsequently 
developed further skin tumours not necessarily of 
the lid. 

Among the squamous cancers three patients had 
multiple lid tumours, four had multiple skin cancers, 
and three later developed other skin tumours. 


TNM classification (UICC, 1974) 


There is a special committee of the International 
Union against Cancer (UICC) (designated the 
Committee on Clinical Stage Classification and 
Applied Statistics) one of whose functions it is to 





FIG. 7(a) Orbicularis oculi muscle, (a-a’) pretarsal part: 
(b-b^) preseptal part ; (c-c’) orbital part 





FIG. O Outer canthus, (a) invasion of 
lower lid ; (b) invasion of upper lid ; 
(c) invasion of canthus and lower lid 
extending down to the orbital part of 
the lid : (d) invasion of canthus with 
extension into the tarsal and orbital 


part of the uppii lid 


f 


FIG, 7(b) Insertions of the orbicularis oculi muscle. 

(1) medial canthal tendon mad: up of superficial heads ol 
pretarsal muscles ; (2-2') Superciliaris and upper orbital 
muscle ; (3-3') preseptal muscles ; (4) deep heads of 
pretarsals ; (5) lateral canthal tendon of pretarsal muscles ; 
(6) lower orbital muscle (from Ophthalmic Plastic 
Surgery Up-to-Date, Lester T. Jones) 


extend the general technique of classification to 
cancer at all sites. 

Tumour classification is important and where 
adopted internationally has the following advant- 
ages | 

1. It provides a means of communication that 

transcends languave barriers. 

2. It assists in the evaluation and comparison of 
treatment results. 

It helps in the selection of treatment methods. 
4. It aids prognosis. 


w 


Many cancer sites have been the subject of study 


by this Committee and international agreement 
has been reached on some. 

A classification for skin cancer has been recom- 
mended by the Committee and is meant to be 
applicable to tumours of the eyelids. In practice its 
implementation is difficult since it is dependent on 
tumour measurements and the dimensions it selects 
(2 and 5 cm) as a basis for classification are not 
readily relevant to the average lid tumour, Table VI. 

In this series of cases the precise dimensions of 
the tumour were not routinely recorded since the 
site and extent of the lid involvement was expressed 
in topographical terms so as to indicate the manner 
and direction of tumour spread. However, some 
idea of the size of the tumour can be obtained from 
the maximum dimension of the field size used in 
treatment (this usually included a minimum margin 
of 5 mm of apparently normal skin surrounding the 
lesion) (Halman and Britten, 1960). Tables VIa, b 
show the distribution of the basal cell and squamous 
cell carcinomata according to the field sizes used 
in treatment. The tumour of 3 em or less would 
presumably correspond to the Tı group, the 3 to 3:9 


Table VI TNM classification applicable to 
tumours of the skin of the evelid (UICC, 1974; 





d—Primary tumour 

TIS Pre-invasive carcinoma (carcinoma in situ). 

lo No primary tumour present. 

Ti: Tumour 2 cm or less in its largest dimension, 
strictly superficial or exophytic. 

T2 Tumour more than 2 cm but not more than 
5 cm in tts largest dimension or with minimal 
infiltration of the dermis, irrespective of size. 

T3 ‘Tumour more than 5 cm in its largest dimen- 
sion or with deep infiltration of the dermis, 
irrespective of size. 

T4 ‘Tumour involving other structures such as 
cartilage, muscle, or bone. 


N— Regional lymph nodes 
The clinician may record whether palpable nodes are 
considered to contain growth or not. 
No No palpable nodes. 
Ni Movable homolateral nodes. 
Nia Nodes not considered to contain growth, 
Nib Nodes considered to contain growth. 
N2 Movable contralateral or bilateral nodes. 
N2«a Nodes not considered to contain growth. 
N2b Nodes considered to contain growth, 
N3 Fixed nodes. 


M — Distant metastases 

Mo No evidence of distant matastases. 

Mi Distant metastases present including |ymph 
nodes bevond the region in which the primary 
tumour is situated or satellite nodules more 
than 5 em from the border of the primarv 
tumour. 
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Table Vila Basal cell carcinoma : new cases 





Field size 


Total size 


Site «3 373'9 a unknown 
cm cm cmi 

Upper lid (no.) 25 ag 13 703 

| Percentage 3874 478 175 1000 

Lower lid (no.) 139 166 79 3154 
Percentage 309 23 20:6 1000 

Inner canthus (no.) 96 40 ib 152 
Percentage 63:2 26:3 IO'35 1000 

Outer canthus (no,) z 5 4 17 
Percentage 209'4 471 21:5 1000 

Total (no.) 268 246 112 626 
Percentage 42:8 302 iSO 10070 





Noté: 4 cases with unrecorded field size excluded 


Table VIIb 


Squamous cell carcinoma ; neu cases 





Field size 


dotal size 


Site <3 1739 an 
CH CTH CHÍ H nę HOQUS 
Upper lid 3 2 10 10 
Lower lid 10 1S -— 25 
Inner canthus 3 4 2 i 
Outer canthus =» 2 3 & 
‘Total (no.) 20 23 rs gh 
Percentage 345 356 25'0 tooo 





Not: x case with unrecorded field size excluded 


group to T2, and greater than 4 em to T3 and Tą. 
There were only three Nr cases in the squamous 
group. 


Results of treatment 


In assessing the results obtained in the treatment 
of basal cell carcinomas the five-vear survival rate 
customarily adopted as a measure of success for 
cancer generally is applicable with certain reserva- 
tions since in the head and neck basal cell carcino- 
mata do not metastasize and even if untreated the 
patient may survive many years. A simpler and 
more acceptable parameter for assessing the 
success or failure of treatment is to base this on the 
recurrence-free rate. Tables Villa, $ show this for 
basal cell carcinoma of the different sites. Only 
two patients actually died of uncontrolled disease, 
although in three other cases the cause of death 
was unknown. 

A recurrence-free rate of at least go per cent or 
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Table Via Basal cell carcinoma. Recurrence-free 
rates (all sites and all patients) 





Lower lid (all sites} Inner canihus 


Initially at risk = 386 Initially at risk = 133 


Recurrence-free Recurrence-free 


Years Percentage Years Percentage 
973 i 947 
z 9579 2 932 
3 95°3 3 9E7 
4 95'0 4 god 
5 94° 3 
10 937 
7310 None E None 


etait A:SSA ODA A TARG VAASAAN SE IAE HUE S Lá: B CUM CANARIA CU S MCA MC BEIC RR PAR BAUM COE CUM CANA. 


Table VIIIb Basal cell carcinoma 





All patients : upper lid (all sites) 

74 initially at risk 

Ao recurrences in a maximum period of 
observation of 15 vears 


All patients : outer canthus 


17 initially at risk 
1 recurrence only-— within 1 vear 


BANITIBUUAPIMIPOQULLL DADC VANAAND LO ORNARI: B ns ANA CREENCIAS ARMANI GA ERN 


more establishes the value of radiation treatment 
since unless the sample is small or case selection, or 
more commonly, dubious statistical manipulation 
has taken place, there is no cancer site in the body 
however early the lesion where a 100 per cent cure 
rate is achieved. 

In the case of the squamous carcinomas with their 
potentialities for metastasis a different mode of 
presentation of results is necessary. To emphasize 
the greater gravity of these lesions even when 
affecting. the skin, the recurrence-free rate, the 
crude survival rates, and the incidence of lymph 
node metastases are given in 'lables IX and X. 
One-third of the patients died within five years 
but of these only three succumbed to their cancer 
and in four cases the cause of death was unknown: 
the remaining deaths were due to intercurrent 
disease, 


Complications 


In the 22 years between the publication of Textbook 
of Ophthalmology, vol. V (Duke-Elder, 1952) and 
System of Ophthalmology, vol. XIII ( Duke-Elder, 
1974) Duke-Elder's views on the relative roles of 
radiotherapy and surgery in the treatment of eyelid 
tumours underwent a profound change. In 1052 


Duke-Elder stated that excision should be the rule 
and radiation the exception? whereas in 1974 he 
considered that ‘excision or radiotherapy... are 
probably equally effective... when efficiently 
carried out’. 

In common with Have, Jammet, and Dollfus 
(1965) Duke-Elder emphasizes that the fear of 
radiation complications is often the main reason 
for preferring surgery to radiotherapy. ‘There is 
little doubt that were it possible to establish that 
lid tumours could be treated by radiotherapy with 
an acceptable minimum of complications a formid- 
able case could then be made for its preferential use. 

‘Table XI lists the complications encountered in 
this series of cases. Three complications are not 
specially listed: 

Telangiectasia with or without depigmentation (12 

per cent) 

The radiotherapist's attitude towards telan- 

giectasia should parallel that taken by the surgeon 

towards postoperative scars. There is no guaran- 
tee that any scar whether surgical or radiational 
will always be cosmetically acceptable although 
much can be done technically by both the surgeon 

and the radiotherapist towards achieving a 

satisfactory non-disfiguring sear. 


Table IX Squamous cell carcinoma. Survival rate 
by site 


MIBUHUNUHHUUILEMILUAANNITHVONAUTE UAHUAPIMUAUERBEUNAMCHNNUPTHIHLAUMWUMUUI S 2X mamma LANCE eer rar ON VPN RAD Co 


Patients at S-Vear 
risk § years survival 
and followed- Alive s ( percentage) 
Site up years 
Upper lid 15 12 67 
Lower lid 23 18 78 
Inner canthus 6 2 — 
Outer canthus 4 2 — 
‘Total 51 34 67 


Table X Recurrence-free rate for all sites. Lymph 
node involvements (39 patients) 


Involved 
Not iLife uem a deus 
Site involved Initially Later Total 
Upper lid 1 2 1 19 
Lower lid 25 seme ce 25 
Inner canthus 8 — 1 0 
Outer canthus 4 2 — 6 





Total 5 


ww 

d 
N 
i 

x 


^ 


In nine previously treated cases, two had nodes involved later 
Recurrence-free percentage: 1 vear (87-5 per cent) 
No recurrences observed beyond 1 vear 


FIG. S(a) Extensive carcinoma of 
lower lid before treatment 


FIG. S(b) After treatment showing 
lid deformity 


Lid deformity (7 per cent) 


As many of the patients are elderly they have a 
natural tendency to laxness of the lower lid or 
even ectropion. If already existing this can be 
aggravated by radiotherapy. Alternatively, when 
a lid has been infiltrated by neoplasm for its whole 
thickness healing after radiation will be ac- 
companied by fibrosis and when the tarsal plate 
is affected a contraction deformity will ensue. 
This type of deformity, usually ectropion, almost 
exclusively affects the lower lid. In the case of 
the upper lid, infiltration and destruction of the 
tarsal plate tend after successful radiation treat- 
ment to result in a coloboma rather than in a 
cicatricial deformity, Figs 8, 9, 10a, b. 


Epiphora (10 per cent) 


The possible occurrence of postradiation epiphora 
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is frequently advanced as an argument against 
the use of radiotherapy. However, the obliteration 
or loss of the upper punctum occasions no 
problem: only when the lower punctum and 
canaliculus are stenosed or destroved may 
epiphora occur. Mustardé and Jones (1970) in 
discussing the reconstructive surgery of the 
medial canthus point out that it is possible to 
remove the lacrimal passages completely without 
epiphora. After such an event epiphora will occur 
only in the presence of conditions giving rise to 
excessive tear formation. These are listed as 
being high wind, undue exposure of the con- 
junctiva, and in particular ectropion and also 
inflammatory conditions involving the lid margin, 
conjunctiva, cornea, or lacrimal sac. 

These observations are supported by the events 


after radiation obliteration of the lacrimal passages. 
Only a small proportion of the patients in this 
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HG. ofa) Extensive 
tumour of left lower 
lid with invasion of 
fornix and destruction 
of tarsal plate 


ric. of b) After 
freatment 





developed a troublesome 


series. (10 per cent) 
epiphora and these were usually patients with a 
degree of lid deformity or some other local cause of 
reflex increase of tears. 

This ability of the eve to accommodate itself to 
loss of the lacrimal passages means that attempts 
to maintain the patency of the punctum during or 


after radiotherapy, bw irrigation, intermittent 
dilatation, the insertion of various. kinds of dilator 
or operation are unnecessary. Efforts should rather 
be directed to ensuring that every cause of irritation 
that might give rise to a reflex increase in tear 
production should be sought and eliminated. 
There is one factor that operates to the advantage 
of the patient with postradiation as opposed to 
postsurgical epiphora and that is that in many 
cases the epiphora appears to be self-limiting, 
tending to subside spontaneously within a year of 
treatment. The reason for this fortunate event is 
that radiation not only produces stenosis of the 
punctum but also destroys some of the secretory 
glands of the lid and conjunctiva so that there is a 
reduction in the total quantity of tears produced. 
At some point the impaired secretory mechanism 
and the damaged drainage system enter into 


compensatory equilibrium and the patient's eye no 
longer weeps. 


OTHER COMPLICATIONS, ‘Table XI 


Keratinization of the conjunctival mucosa occurred 
in 5°6 per cent of cases. When this affected the 
lower lid problems could be avoided by regular 
removal of the keratin plaque and most patients 
can be taught to do this themselves. In the upper 
lid the keratin plaque is a potential menace to the 
cornea and a contact lens may be required to avoid 
corneal damage. Fortunately in recent years 
keratinization is less likely because of modifications 
in radiation technique whereby intense reactions 
are avoided. 

Lid necrosis has occurred in patients with 
moderately atrophic skin changes or those with 
surgical sears. As a rule these necroses seem to 
occur in summer after exposure to an intense and 
unaccustomed degree of sunlight. The avoidance 
of bad sears, warning the patients against direct 





FIG. 10 


(a) Extensive tumour of upper lid with 
destruction of part of the tarsal plate ; (b) after treatment 
showing lid colaboma 
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FIG. II 


Table XI  /ncidence of complications 





Basal cell Squamous cell 
Complication —— = - 
No. Percentage No. Percentage 





Lid necrosis I 
Ikeratinization 3 
Corneal ulceration 
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or opacity l0 ró 1 
Corneal abrasion or 

keratitis 13 21 I 
Cataract 5 o8 — 
Eye removed 3 OS I 
Any complication S84 13°3 10 16 
Total 630 50 





exposure of the lids to intense sunlight, and the 
use of barrier creams all help. These sunlight- 
induced necroses heal readily with the application 
of a corticosteroid ointment once the solar-exposure 
factor is removed. 

The corneal complications encountered were 
not due to direct irradiation of the cornea since in 
nearly all cases complete shielding of the cornea 
was achieved. Most of the corneal complications 
were due to exposure or irritation from secondary 
changes in the lid. The radiation cataracts occurred 
in patients treated by gamma radiation, usually in 
the form of a radon seed implant. In no case was 
it found necessary to deal with the cataract 
surgically. Of the three cases where the eye was 
lost, 1n two the eye was removed before the patient 
was referred for radiotherapy and in the third case 
a useless eye was removed because of involvement 
by uncontrolled disease. 


Prevention of complications 

GENERAL MEASURES 

Patients undergoing the irradiation of a lid tumour 
inevitably develop a radiation reaction in the 
treated area. While this lid reaction ultimately 


(a) Postoperative recurrence in scar before radiotherapy ; (b) after radiotherapy ; (c) skin necrosis after 
exposure to excessive sunlight 


subsides and is generally followed by few compli- 
cations, the related bulbar conjunctiva and the 
cornea may, as already noted, be secondarily 
affected even though total protection of these tissues 
against irradiation has been provided. In addition 
many of the patients in the age groups concerned 
have incidental ocular problems requiring skilled 
care while the patient is undergoing radiotherapy. 
Because of this there is imperative need for ophthal- 
mological control and care of the patient during 
treatment and the ophthalmologist has a vital part 
to play in any radiation unit dealing with these 
cases if unnecessary complications are to be 
avoided. 


CONTRAINDICATIONS TO RADIOTHERAPY 


The misuse of radiotherapy is understandable since 
It is a non-operative procedure readily available and 
easily applied. However, if complications are to be 
eliminated or reduced in frequency then the 
radiotherapist must be on his guard not to be 
enticed into treating a patient in circumstances 
where complications are inevitable or when treat- 
ment is accompanied by a high risk of postradiation 
damage. In these circumstances it is clearly better 
for the patient to submit to alternative, non- 
radiational methods. If no alternative is available 
or if available would entail removal of the eye then 
the radiation risks may be accepted as the lesser 
of two evils but this should be done only after a full 
discussion with both the patient and his doctors. 

The following may be accepted as contra- 
indications to radiotherapy: 


Recurrence after previous treatment 

Recurrent cases, whether the previous treatment 
be surgical or radiotherapeutic, should in principle 
be surgically treated if possible. If surgery is 
impractical then radiotherapy can be used, again 
with a good prospect of controlling the neoplasm 
but at an increased risk of a cosmetically unwelcome 
cicatrix and an added risk of radionecrosis. In this 
series of cases 3:8 per cent of the previously 
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untreated patients were referred for surgery after 
radiotherapy either because of incomplete tumour 
regression or frank recurrence. 


Disease involving the mid-third of the upper lid 
Lesions in this situation are readily curable by 
radiotherapy but in the event of undesirable 
mucosal changes such as keratinization, secondary 
damage to the cornea is highly probable. This 
restriction on the use of radiotherapy in upper lid 
tumours applies only to small tumours centrally 
situated which would be amenable to simple 
excision and closure by direct approximation. If an 
upper lid tumour is sufficiently extensive to require 
a complicated reconstruction radiotherapy becomes 
a desirable alternative, since not only are the results 
excellent but there is always a good chance that 
keratinization may be avoided and even if it does 
occur and proves troublesome a contact lens 
provides a remedy. A sense of proportion has to 
be preserved in connexion with the risks of keratini- 
zation and no patient, particularly if elderly, 
should be persuaded to undergo a complicated and 
serious operation on the ‘physiologically important 
upper lid unless some overriding reason other than 
the possibility of postradiation mucosal keratiniza- 
tion exists. 


The presence of a damaged cornea 


When the lid tumour is related to a cornea that is 
already abnormal or damaged in some way then 
as any subsequent postradiation lid changes may 
add further injury to the already damaged cornea 
surgery should be considered. 


Skin changes 


In outdoor workers or light-skinned patients, who 
already have solar skin changes, irradiation should 
be avoided especially if the patient lives in a tropical 
or subtropical climate. 


Bone invasion 


Radiotherapy is rarely successful in eradicating a 
tumour which has invaded bone. The advanced 
rodent ulcer accompanied by orbital bone invasion 
is best treated by a preliminary course of radiation 
followed by radical surgery. 


A very small lesion remote from the canthus and lid 
margins 
Radiotherapy should be avoided in cases in which 


a biopsy excision would adequately remove the 
tumour. 


TECHNICAL MEASURES 


The technical steps the radiotherapist can take 
towards reducing the complications affecting the 
lids, conjunctiva, and the eye relate to the selection 
of apparatus and the dose and time factors of the 
treatment. Unwelcome cosmetic sequelae are more 
likely where radiation energies of 60 kV or less are 
used and ocular complications are more likely when 
gamma-ray sources are implanted near the eye. 
The intensity of the radiation reaction, the 


incidence of mucosal keratinization, and the cos- 


metic quality of the radiation scar can all be 
favourably influenced by attention to the fractiona- 
tion of the dose and the length of the overall 
treatment time. 


PROTECTIVE DEVICES (Lederman and Jones, 1966) 


The normal eye and the unaffected parts of the lids 
should be completely shielded. It is important to 
avoid trauma and sepsis when inserting the protec- 
tive lead eye shields or spatulae. Even when the 
lids, eye, and orbital contents are involved by 
disease it is still possible to protect the cornea and 
the intraocular structures deep to it. To do this the 
radiation field has to be delineated by a light beam 
and an indirect method of shielding is employed 
wherein a lead absorber is placed in the beam of 
radiation so that the part of the eye that has to be 
protected is brought within the shadow produced 
by the interposed absorbing material. 

This indirect method of shielding is of great 
value not only in the presence of orbital invasion 
but whenever the lids or fornices are deformed or 
destroyed and the direct insertion of a lead protective 
device proves impossible or potentially traumatic 
to the eye. 


ANCILLARY PROCEDURES 


The use of a haptic contact lens as a means of 
protecting the cornea against damage from second- 
ary changes in the lids has proved of great value. 
The two chief indications are: 

1. When tumours of the upper lid require 
radiation treatment and the risks of keratiniza- 
tion have to be guarded against. 

2. When both upper and lower lids, particularly 
the lid margins, require treatment. 

The risk of undesirable postradiation changes in 
the lids with secondary damage to the cornea is 
directly proportional to the length of lid margin 
treated. In these two instances the contact lens is 
made and fitted before treatment and worn through- 
out treatment and the period of reaction. If the 
reaction settles down without any serious lid 
sequelae the lens can be abandoned: otherwise its 


permanent use may be necessary. In order to prevent 
exposure keratitis with secondary keratinization or 
opacification of the cornea the patient with a serious 
postradiation lower lid deformity should be 
considered for plastic surgical correction of the 
deformity before signs of corneal exposure become 
apparent. 


Discussion 


It 1s believed that the results obtained in this 
series of cases, even accepting the incidence and 
the nature of the complications, would justify and 
support the continued advocacy of radiotherapy as 
the treatment of choice for malignant lid tumours. 

It is difficult to determine the part that surgery 
should play in the treatment of these tumours since 
a survey of the surgical literature, particularly 
publications emanating from plastic surgical sources, 
are devoted almost exclusively to detailed accounts 
of surgical techniques. Any prolonged acquaintance 
with the treatment of malignant disease will 
demonstrate that cancer 1s no respecter of surgical 
expertise and for any given surgical procedure for 
lid cancer to be acceptable careful objective 
evaluation is necessary. If the rigid standards 
adopted by radiotherapists are to be followed it is 
essential that the description of any given operation 
be accompanied by its contraindications, compli- 
cations, and the success rate achieved over at least 
a five-vear period of observation. Nevertheless it 
must be accepted that in spite of the reliable results 
and obvious advantages of radiotherapy some cases 
are better treated by surgerv particularly those 
contraindicating radiotherapy. 

Any further scope for surgery should, assuming 
the patient is fit for operation, depend on the 
tumour size and situation and hence the simplicity 
or complexity of the operation needed. 

If the size of tumour in this series (Tables V Haea, 
b) is taken as representative it will be seen that of 
the basal cell carcinomas approximately one-third 
of the lid tumours and two-thirds of the inner 
canthus tumours would fall into category Tı of 
the UICC svstem of classification. This means that 
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allowing for a 5 mm margin of normal tissue these 
tumours were 2 cm or less in diameter and there- 
fore presumably suitable for an operation not 
requiring plastic lid reconstruction (Mustardé and 
Jones, 1970). It should be noted that it is precisely 
these early cases that give the best results and 
fewest complications with radiation treatment. 
However, the remaining patients, namely the 
majority, would require excision and lid reconstruc- 
tion with all that that entails by way of availability 
of the requisite surgical skills, the surgical risks for 
the elderly patient, to which must be added the 
economic disadvantages of surgical as opposed to 
radiotherapeutic treatment. 

As neither surgery nor radiotherapy is a specific 
remedy for cancer, debate on their respective 
merits can prove endless. Effort can most profitably 
be expended on determining their relative spheres 
of usefulness in a complementary rather than a 
competitive sense. Until such time as more evidence 
concerning the true scope and value of surgery, 
particularly when associated with plastic lid re- 
construction becomes available the patient’s interests 
can best be safeguarded by ensuring collaboration 
between surgeon, radiotherapist, and dermatologist 
so that therapeutic decisions based on a partisan 
approach are avoided tf possible. 
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Basal cell carcinoma in the eyelid region 


J. R. O. COLLIN 


From the South-East Thames Regional Plastic Surgery Unit, Queen Victoria Hospital, East Grinstead 


'T he first recorded account of the surgical treatment 
of basal cell carcinoma is given by Jacques Daviel 
in an address to the Royal Society of London in 
1755 (Bennett, 1974). He described four patients 
with ulcers in the ‘great angle’ of the eye and four 
patients with ulcers affecting the eyelids, all of 
whom he treated successfully with surgical excision. 
Stenbeck (1900) was the first to describe the cure 
of a basal cell carcinoma with irradiation and 
during this century much literature has been 
published showing increasingly successful results 
with both forms of treatment. Older, Quickert, and 
Beard (1975) finally approached the ultimate with 
a report of 157 cases of histologically proved eyelid 
basal cell carcinoma, none of which recurred during 
a follow-up period that varied between a few 
months and 18 years. The purpose of this paper is 
to assess a series of eyelid basal cell carcinomas 
which were operated on in a general plastic surgery 
unit and to draw attention to the risk involved if the 
primary treatment does not effect a complete cure. 


Findings 
INCIDENCE 


Between 1965 and 1970, 261 patients had histologically 
proved basal cell carcinomas removed from the eyelid 
region at the South-East ‘Thames Regional Plastic 
Surgery Unit. This represents an average of 43°5 
patients a year. Payne (1966) assessed that the average 
incidence of carcinoma of the eyelids for this area of 
England was 6-5/100 ooo males and 4:1/100 ooo females. 
This means that this unit was surgically treating the 
expected incidence of eyelid tumours for a population 
of approximately one million people. However, there 
are obviously gross inaccuracies in the collection of 
skin cancer statistics in view of the numerous treatments 
available by different medical practitioners, and tbe lack 
of statutory necessity to report cases to the Cancer 
Registry. 

Altogether 226 of these patients had notes available 
for follow-up study and they had 255 separste eyelid 
basal cell lesions. 10-6 per cent of patients, therefore, 
had more than one eyelid tumour and the percentage 
would have been higher if other regions had been 
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included. These figures agree with those of Macomber, 
Wang, and Sullivan (1959) and Leventhal and Messer 
(1972). Ín this series three patients with multiple lesions 
had the naevoid basal cell carcinoma syndrome with 
dentigerous cysts. 


SITE 


The highest incidence was at the medial canthus and 
lower lid which agrees with Battle and Patterson (1960), 
Hayes (1962), and Payne (1966), but Holmström, 
Bartholdson, and Johanson (1975) and Older and others 
(1975) found there was a higher incidence on the lower 
lid than in the medial canthal area. 


Site Percentage 
Upper lid 6-7 
Lower lid 37°6 
Medial canthus 384 
Lateral canthus 71 
Eyebrow 9'4 
Orbit o'8 


SEX 


60:2 per cent were males and 39:8 per cent females. This 
is supported by Payne (1966), Holmstróm and others 
(1975), and Brewitt, Hansen, and Huerkamp (1975), but 
Shulman (1962) and Older and others (1975) found 
that the sex incidence was about equal. 


AGE 


The peak incidence in this series was between 60 and 
69 years (36:9 per cent of males and 31:3 per cent of 
females). This is in general agreement with Shulman 
(1962), Payne (1966), Fitzpatrick (1972), Rakofsky 
(1973), Meythaler (1973), Brewitt and others (1975), 
and Older and others (1975). 


SIZE 


Most of the lesions were between 5mm and 2 cm in 
diameter, the highest incidence being between 1 and 
2 cm. The average size of the lesions in the series of 
Fitzpatrick (1972) was 12mm, but in the series of 
Holmstróm and others (1975) the average largest 
diameter was less than 10 mm. 'The recurrence rate was 
highest in cases of large tumours and this was confirmed 


by Battle and Patterson (1960), Von Essen (1960), 
Fitzpatrick (1972), and Older and others (1973). 


Size of lesion Percentage 
Unspecified 102 
‘Small’ or less than 5 mm 15:0 
Between 5 and 10 mm 33:6 
Between 1 and 2 cm 376 
More than 2'5 cm to 

complete orbital 

involvement 36 


TYPE OF SURGERY 


All lesions were excised with a 3 to 5 mm macroscopic 
clearance of the lesion. depending on the individual 
surgeon, and the defect was closed bv: 


Method Percentage 
Direct closure 29:8 
Graft 9:8 
Flap 60:4 


All lesions were subjected to histological examination 
and if this showed an incomplete excision the patient 
was re-operated on. Such patients are not included in the 
figures given for recurrences. 


HISTOLOGY 


Most lesions were of the circumscribed common solid 
type and there was no very clearly defined pattern in the 
histology of those cases which recurred. However, 70 
per cent of the lesions which did recur were described 
as morphoeic, invasive, or multicentric; 50 per cent of 
the recurrences occurred with medial canthal lesions. 
This is supported by Wiggs (1975). 


FOLLOW-UP PERIOD 


The aim with primary lesions in which histological 
examination had confirmed a complete excision, was to 
follow-up the patient for five vears and in most cases this 
was achieved. Some patients, however, died, emigrated, 
faled to attend, or were followed-up bv their own 
ophthalmologist, general practitioner, or dermatologist, 
and itis likely that many of these cases would have been 
referred back to this unit if they had developed a recur- 
rence. 


Time Percentage 
Less than 6 months 16:5 
6 months to 1 vear 6:3 
1—3 years 214 
3-6 vears 4572 
7-11 years 10:7 


Results 

PRIMARY SURGERY 

Altogether 176 patients presented for surgerv 
having had no previous treatment. Four of these 
patients (2:3 per cent) had a recurrence and of these 


clearance and the third did not specifically comment 
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on the clearance. The recurrences in these three 
patients were all detected at routine follow-up 
and successfully excised. The fourth patient had a 
massive lesion involving both upper lids and 
extending across the bridge of the nose. He was 
referred for surgery from Ireland in view of the 
gross size of his carcinoma, and it seems surprising 
that he had not had any previous treatment but 
there was no record of this in his notes. He had an 
exenteration of one eve with removal of part of the 
malar bone, and excision of the medial third of the 
other upper eyelid. The histology report did not 
comment on clearance, presumably because much 
of the lesion had to be removed piecemeal. The 
carcinoma recurred four years later and an extensive 
resection. of half of his face was undertaken, but 
clearance was incomplete and he died two vears later. 


PREVIOUS IRRADIATION 


16-8 per cent or 38 patients out of the 226 m the 
series were referred for surgery with either a 
primary irradiation failure, a recurrence after 
irradiation, or an irradiation-induced lesion. 15:4 
per cent (7/38) had a recurrence after surgery. 
Three of these seven patients had basal cell car- 
cmomas which were reported as having been 
completely excised. The re-recurrence was detected 
at routine follow-up and successfully excised. 
Three other patients died of their basal cell car- 
cinomas and the fourth is expected to die soon. 
This means that in this series if a lesion recurred 
after irradiation and was not cured at the first 
attempt with subsequent surgery, there was a gyi 
per cent chance of dying of the disease. It must 
however be conceded that of these four patients, 
two who died had gross lesions involving the whole 
orbit, the third had a 1:5 em lesion in the medial 
canthal area and the fourth, who is expected to die 
shortly, had multiple multicentric basal cell 
carcinomas after nine courses of x-ray treatment of 
the face for acne in 1936. In all of these patients 
histological clearance of the lesion was suspect. 


PREVIOUS SURGERY 


Ten patients out of the 226 (4:4 per cent) presented 
for surgery between 1965 and 1g7o with a recurrence 
after primary surgery. Three of these patients 
(30 per cent) had a re-recurrence and of these, two 
subsequentlv died of their basal cell carcinomas. 
One had had the lesion removed twice previousiy 
by ophthalmologists; on referral he had an exentera- 
tion and the specimen was reported as being 
morphoeic with complete clearance. The re- 
recurrence occurred five vears later and with 
subsequent surgery it was not possible to obtain 
complete clearance. The other patient who died 
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was only 24 years old when referred with multiple 
morphoeic basal cell carcinomas which had recurred 
after previous surgery. He had multiple operations 
and histologically the lesions were initially com- 
pletely excised but recurrent lesions kept appearing. 
The third patient, who had a successful excision of 
the re-recurrence, was a known case of the naevoid 
basal cell carcinoma syndrome. 


PREVIOUS COMBINED SURGERY AND IRRADIATION 


Two patients came into this category, one of whom 
subsequently died of his disease. The first patient 
had had two previous courses of radiotherapy and 
one episode of surgery for an upper eyelid basal 
cell carcinoma. She had an enucleation on referral, 
histological examination showed complete clearance, 
and she has had no recurrence during a 5j-year 
follow-up. The second patient similarly had had 
two courses of radiotherapy and one episode of 
surgery for an inner canthal lesion. An extensive 
excision was carried out on referral which showed a 
morphoeic basal cell carcinoma apparently com- 
pletely excised. The lesion recurred seven months 
later and was re-excised again with complete 
clearance histologically, but it again recurred six 
months later and this time was inoperable. 


Discussion 


A recurrence rate of 2:3 per cent during an average 
follow-up period of between three and six years for 
cases of basal cell carcinomas treated with primary 
surgery is in general agreement with the figures 
reported 1n other series: Rank and Wakefield (1958), 
I'4 per cent; Hayes (1962), 3 per cent; Cobbett 
(1965), 3 per cent; and Binns and Sherriff (1975), 
o'5 per cent. Older and others (1975), who reported 
a IOO per cent cure rate, attributed their success to 
the use of frozen section controls in 72 per cent of 
their cases. 'T'his certainly does seem to improve the 
chances of successful surgery but whether this is 
feasible for every patient in view of the good results 
anyhow obtainable with primary surgery, depends 
very much on the facilities available. 

Beard (1975) has drawn attention to the un- 
predictable nature of basal cell carcinoma recurrence 


‘in relation to the histological clearance. In this series 


if a lesion was incompletely excised the patient was 
re-operated on, but in 8-4 per cent the histological 
examination showed a suspect clearance and in 
none did a'recurrence develop. Conversely in 4:4 
per cent of this series the histological examination 
showed complete clearance and there was a sub- 


References 


sequent recurrence. Rakofsky (1973) operated on 
95 patients in 47 of whom the histological study 
showed incomplete clearance. Of these 47, only 
23'4 per cent actually developed a recurrence. Since 
we do not know which cases are going to recur we 
must aim at histologically-confirmed complete 
surgical excision. In this series it is unlikely that 
frozen section control would have improved the 
cure rate for cases treated with primary surgery in 
view of the fact that the recurrences in three cases 
occurred despite apparent complete clearance on 
routine histological examination. 

Recently published recurrence rates of eyelid basal 
cell carcinoma treated with primary irradiation are 
of the same order as the recurrence rates after 
primary surgery: Fitzpatrick (1972), 4:8 per cent; 
Casanovas, Pinol, Oller, and Guix (1973), 2 per cent. 
‘The recurrence rate of 18-4 per cent for surgery to 
basal cell carcinomas which recur after irradiation 
is in general agreement with the recurrence rates 
reported by Rank and Wakefield (1958), 15:8 
per cent; Hayes (1962), 24 per cent; Cobbett ( 1965), 
20°5 per cent; and Sundell, Gylling, and Solyio 
(1966), 15:4 per cent. 

The recurrence rate of 30 per cent for secdndary 
surgery to lesions which have recurred| after 
previous surgery is high, but 70 per cent of these 
patients in this series were referred from other, areas 
of the country with extensive lesions. Von 
(1960) reported a 22 per cent overall recurrence rate 
for previously treated skin carcinomas which were 
subsequently given radiotherapy, and this is of the 
same order of magnitude. 


Conclusion 


This series shows that the worst prognosis for asal 
cell carcinoma occurring in the eyelid regioņ is 
carried by large lesions in the medial canthal area 
which have recurred after previous treatment with 
surgery or irradiation; histologically they ‘are 
classified as morphoeic, multicentric, or invasive. 
3:5 per cent of the patients in this series died| of 
their disease. Eyelid basal cell carcinoma is thete- 
fore a potentially lethal condition and whatever 
form of treatment is undertaken should be meti- 
culously performed because there is no doubt that the 
first treatment gives by far the best chance of success. 


I wish to thank the surgeons of the Queen Victori ria 
Hospital, East Grinstead, for permission to examine d e 
notes of their patients and in particular Mr R. L. 

for his help and encouragement. My thanks are also 
due to Mrs Becky Law for typing this paper. 
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New vessel formation in retinal branch vein occlusion 


JOHN S. SHILLING ann EVA M. KOHNER 
From the Retinal Diagnostic Unit, Moorfields Eve Hospital, London 


Neovascularization after retinal branch vein occlu- 
sion (RBVO) has long been recognized (Foster 
Moore, 1924; Jensen, 1936) and it has been noted 
more recently in a number of publications. Krill, 
Archer, and Newell (1971) found that three out of 
14 patients had new vessel formation after RBVO: 
Michels and Gass (1974) found seven cases of retinal 
new vessels in 28 eves and disc new vessels in two 
out of seven eves. 

We studied a series of patients with retinal 
branch vein occlusion. Our aim was to identifv 
features in the clinical appearance and on fluorescein 
angiography that would indicate whether a patient 
with branch vein occlusion would develop new 
vessels and vitreous haemorrhage. 


Patients and methods 
PATIENTS 


All patients with RBVO referred to the Retinal 
Diagnostic Department of Moorfields Eve Hospital 
during the last four years were assessed. Patients were 
included in the study if they presented within three 
months of their first visual symptom and had been 
followed-up for at least two vears. Of the 57 eligible 
patients 19 were unable to attend the follow-up examina- 
tion (two because they had died, the remaining 17 
because they could not be traced or could not attend), 
This study therefore comprises 67 patients, who had 
68 eves affected by vein occlusion. 


METHODS 


All patients had ophthalmic and medical examinations. 
‘The eye assessment included a history of visual symp- 
toms specifically related to vitreous haemorrhage: 
corrected visual acuity, direct and indirect ophthalmo- 
scopy, and slit-lamp biomicroscopy. Colour photographs 
and fluorescein angiograms were performed at varying 
intervals, but each patient had at least three angiograms 
in the follow-up period of two years. 

Colour photographs and fluorescein angiograms were 
examined for the site of vein occlusion, the presence of 
capillary dilatation (Fig. 14), areas of capillary non- 
perfusion (Fig. 2), and the presence of neovascularization. 
The criterion for capillary non-perfusion was that an area 
of more than four disc diameters in size must be lacking 
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capillaries on fluorescein angiograms. Cotton-wool 
spots are usually of a smaller diameter, although they 
are always associated with capillary non-perfusion. Areas 
covered by haemorrhage were not included, since 
haemoglobin absorbs fluorescence and could therefore 
give a false impression of capillary closure (Figs 15, c). 

Most patients. with pronounced non-perfusion of 
capillaries (Fig. 2) had areas that were much larger than 
four disc diameters in size devoid of capillaries and in 
many these extended into the retinal peripherv of which 
no photographs were available. 

The following criteria were used to diagnose the new 

vessels: 

1. The presence of abnormal vessels flat or in front 
of the retina or optic disc as seen by slit-lamp 
biomicroscopy, binocular indirect ophthalmo- 
scopy, or stereoscopic photography (Figs 3a, b). 

2. The fluorescein angiographic change of progressive 
leakage of dve from these vessels (Figs 3c, d). 

Medical examinations were carried out on 50 patients 

within three months of their first visit to Moorfields Eve 
Hospital. The other 18 were examined at various times 
up to two vears. 

The examination was directed mainly towards the 

cardiovascular system. Investigations included: haemo- 
globin, packed cell volume, erythrocyte sedimentation 





FIG. 1(a) Fluorescein angiogram after absorption of 
haemorrhage, shouting capillary dilatation 


Ver UUÀSSel for mation SII 


rate, glucose tolerance test (in those under 65 vears old), 


fasting serum cholesterol and triglycerides, plasma urea 
and uric acid estimation; measurement of serum proteins 
and electrophoresis. Serum electrolytes were estimated 
in hypertensive patients. All patients had an electro- 
cardiogram and chest x-ray. 





FIG. 1(c) Fluorescein angiogram of same patient as 


Fig. va showing apparent capillary non-perfusion 


ANALYSIS 


Patients were subdivided into four groups accor ling 


the site of occlusion: 





7 : t. Hemisphere vein occlusion 
FIG. 1(b) Same patient as Figs 1a, c from a colour i 


r ; ; : CENSO S i “clusion 
photograph of a supero-temporal RBVO with retinal 2. Main supero or infero-temporal vein occlusior 
haemorrhages 3. Macular vein occlusion 


FIG. 2 Fluorescein angiogram of a 
supero-temporal venous occlusion 
showing large areas of capillary 
non-perfusion 
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(3a) 


(35) 


ric. 3(a), (b) From a colour photograph of RHVO 
showing (a) disc, and (b) peripheral preretinal new vessels 


4. Peripheral vein occlusion. 

No patient in the study was placed in group 4 às none 
had had visual symptoms within three months of 
occlusion because by definition the macula was not 
involved, 

Patients were also subdivided according to which of 
the following was their most predominant feature: 
capillary closure, dilatation, or the presence or absence 
of new vessels. 

The groups were compared statistically using Student's 
f test for unpaired samples when comparing numerical 





(3d) 


FG. 7 (c), (d) Fluorescein angiogram of 3(a) and 3(b) 


shoring leakage of dye from the nei vessels 


results (for example, blood pressure, plasma urea) and 
J^ test when comparing presence or absence of features 


in the various groups 


Results 


There were eight patients with hemisphere occlu- 
sion, 37 with main supero-temporal or infero- 
temporal occlusion and 23 with macular occlusion. 
Table I shows that of the 68 eves affected by 


RBVO, there were 34 with pronounced capillary 
closure and 34 with capillary dilatation. While none 
of the eves with predominant dilatation had new 
vessels, 21 of those with capillary closure had 
developed these lesions. The difference is highly 
significant (P < 0:0001 ). 

Table I] relates the site of occlusion with new 
vessel formation, capillary closure, and dilatation. 
No patient with macular RBVO had large areas of 
non-perfusion or new vessels, and only five of those 
with large branch vein occlusions had predominant 
dilatation. It is of interest that none of the patients 
with hemisphere occlusion developed new vessels. 

Table II] shows that in most patients new 
vessels occurred in the retinal periphery and there 
were only two patients who developed disc neo- 
vascularization without 
‘Two-thirds of the patients with new vessels had 
at least one vitreous haemorrhage during the 
period of study (Table II), but no patient in this 
group suffered permanent loss of vision. 

The earlv development of new vessels was a 


peripheral new vessels. 


particularly interesting feature of this studv. 

A common finding seen on serial fluorescein 
angiograms was the ingrowth of blood vessels into 
the areas of non-capillary perfusion (Fig. 4). These 
vessels appeared to start as buds from the remaining 


Table I 


Results in 68 eves 





New vessels 


Predominant feature No. of eyes No Per cent 
Capillary dilatation 34 o o 
Capillary closure 34 21 62 








Table II Site of occlusion 
Site of occlusion 
No. of eves I 2 3 
Closure and new vessels 21 21 
Closure without new 
vessels 13 2 II 
Dilatation 34 6 s 21 





Table II] Site of ne: vessels and incidence of 
vitreous haemorrhage 





Vitreous 


Site of new vessels No. of patients haemorrhage 


te 
t 


Dise only 
Periphery only 15 IO 
Disc and periphery 4 2 





Fluorescein angiogram of the same Datrent as 


FIG. 4 
Fie. 2 seven months later showing revascularization of 


the non-perfused areas 


vessels and to grow at right-angles to these vessels. 
later to branch and revascularize the retina. The 
growing tips of these vessels appeared dilated and 
leaked small amounts of fluorescein. Their distribu- 
tion was dissimilar from the normal retinal 
vasculature indicating that the vessels were newl 
failed 


to leak fluorescein extensively in contrast with th: 


formed. ‘These intraretinal vessels, however, 
new vessels which lay in front of the internal 
limiting membrane of the retina 

Table IV summarizes the medical findings 
Patients with closure and new vessels (Group 1), 
closure and no new vessels (Group 2), and dilatation 
(Group 3) were compared. The results were similar 
in most features relating to general health, but 
when those without new vessels (Groups 2 and 3 
together) were compared with those who had new 
vessels, the plasma urea and plasma uric acid levels 
were significantly higher in the latter group 
(P < 0:05). 

‘Thirty-one of the 67 patients had diastolic blood 
pressure above 110 mmHg and a further nine were 
being treated for high blood pressure at the time 
of their examination although not at the time of thi 
diagnosis of the vein occlusion. In a further eight 
patients there was electrocardiographic evidence of 
old infarction or atrial fibrillation, possibly account- 
ing for normal blood pressure. 

In only nine patients out of the 68 examined was 
there no evidence of arterial disease; the results of 
their cardiovascular examinations, electrocardio- 
grams, and serum lipids were normal and they had 
no sign of diabetes. Seven of these had pronounced 
capillary dilatation. 
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Table IV Medical findings 


Ee EDUARD UAALUHAUAU PRU PTUTTEIRTRURIIRURULUUUPHAAAIAANP IA PUHHLLLUBATUAERPEHTUARURPAPRBRUHHAUNUULOLUNUPEDULUREULLARNIAHAEHARHMAHULLLALULALUAA FE ADRURIALUPUUUUIUHTNNQIIALLIHERPALUUU EPA AUUEHAOLHHBUHUAAUHIT: 


Blond pressure 


puu-—-———— ——————HÁÁ (P 





Systolic Diastolic 
Group {+ no.j ge (years: fram fig ( mmHg 
Mean irange) Mean «= SE Mean « SE 
i. Closure and new 
vessels (21) 59:95 (41-78) 1802 $57 1059 £26 


2. Closure without new 
vessels (13) 

i. Dilatation (34) 

4. (2 and 3 combined) 
No new vessels (47)  — 


61714. (48-79) 5 
5083 (37-72) 1733 EF 


Plasma Plasma Serum Serum Haemoglobin 
urea urie acid cholesterol trigiveeride = (gi yoo mi} 
(mg. i00 ml). (mpgiioo ml) (mgiioo nd) (mgiyoo ml) Means SE 
Af QM o SE M. enm c SE M ean ck S E AT can i SE 

* * 

3594 ocl19 6:59 x 033 2202 27°F Pig'2cngid4O Ip roc 
3677 4270 60:14:£0:37. 2404 tor 10495447. 137 505 
34'23 z US SOO x02 232'9 2771 117:9 5:88 17'O 03 
349583 — $61203 — 2328 559 1307 5138 1390502 


 SIMAMMULELIEFEHEHREUHHRAMUUAAMUALULEBIEHURUARAEMRHAULALULLLLUEERIRUADARAA RH RBUU ANA LUAULLOARUEELEURPIARUUUVROAEH AURA ARMIIHIEBR BLAUE LAU LLUEEREUREARLELURAQRUHUHADUAMIAMAAQAROLLIERENIUAPLPPUARARHUPOH UBL UA DAUILBLUORLLUUERIPURRRVIUVHRRPPRA UE PUIRHULUAIHUAALUUULUULUOER REEL mimi 


*Significantly different from Group 4 (P o5) 


Discussion 


Neovascularization is common in many of the 
vascular retinopathies—for example, diabetes mel- 
litus (Kohner, 1975), sickle cell disease (Gold- 
berg, 1971), retinal periphlebitis (Eales, 1880; 
Asdourian, Goldberg, and Busse, 1975; Sanders 
and Shilling, 1976) and in various haematological 
disorders (Ring, Pearson, Sanders, and Wetherley- 
Mein, 1976). 

The frequent occurrence of neovascularization 
after retinal branch vein occlusion 1s shown in 
this paper. Although its cause is as yet unknown 
there is evidence that ‘hypoxic’ retina in some way 
stimulates it (Wise, 1961; Ashton, 1961). Areas of 
capillary non-perfusion in the retina are ischaemic 
and probably hypoxic. Our finding that neovascular- 
ization occurs only in the presence of capillary non- 
perfusion strongly supports the ischaemic theory 
of neovascularization. Indeed there is a better 
correlation between capillary non-perfusion and 
neovascularization in. branch vein occlusion than 
in most other retinopathies. It is interesting that 
peripheral non-perfusion of the retina appears to 
be the relevant factor and that central capillary 
non-perfusion does not seem to have the same 
stimulating effect, probably because the areas are 
not sufficiently large and diffusion may overcome 
the ischaemia. 

The early development of new vessels into areas 
of non-perfusion 1s of interest and is similar to that 
demonstrated after experimental branch vein 
occlusion in monkeys (Hamilton, Kohner, Rosen, 
and Bowbyes, 1974). As shown both in animals 
and man there is very little dye leakage from these 
intraretinal new vessels and vitreous haemorrhage 
does not occur from them. A significant number of 
patients with preretinal new vessels had vitreous 
haemorrhages and this is therefore a serious com- 
plication of retinal branch vein occlusion. 

It is of interest that levels of plasma urea and uric 
acid were higher in those patients with vascular 
occlusion and new vessels than in those without. 
Renal failure is associated with thrombosis in 


various veins, and in a group of 112 patients with 
central retinal vein occlusion Kohner and Cappin 
(1974) found three with chronic renal failure. In a 
recent publication (Ring and others, 1976) it was 
noted that viscosity was higher in those patients with 
vein occlusion (both central and branch) who had 
pronounced capillary closure. The exact cause of 
thrombotic episodes in renal disease 1s not known, 
nor do we know why some patients have predomin- 
ant capillary closure. These findings should stimu- 
late further work in both the pathogenesis of retinal 
vein occlusion and the cause of thrombotic episodes 
in chronic renal disease. 

The main aim of this study was to help to 
determine the prognosis for an individual patient 
with RBVO and indicate lines of possible treatment 
and prophylaxis. First, we have shown that neo- 
vascularization does not occur secondarv to small 
macular retinal branch vein occlusions. Secondly, 
fluorescein angiography after a vein occlusion will 
assess the presence of peripheral capillary non- 
perfusion and the possibility of late neovasculariza- 
tion may be predicted. There are important 
therapeutic implications from our findings. Ablation 
of peripheral ischaemic retina by photocoagulation 
has been used to treat new vessels on the disc, 
particularly in diabetes (Diabetic Retinopathy Study 
Research Group, 1976) and this also appears to be 
a rational form of treatment in the neovascular 
complications of branch vein occlusion by which 
means the ischaemic stimulus to neovascularization 
mav be reduced. Although preretinal new vessels 
may be destroyed directly by photocoagulation, 
this is difficult with disc neovascularization and it 
is in the treatment of this complication that photo- 
coagulation of the ischaemic quadrant of the retina 
may be the most effective form of therapy. The 
high incidence of neovascularization raises the pos- 
sibility of reducing the chances of this complication 
bv early photocoagulation of non-perfused retina. 


We thank Miss Rita Clarke for secretarial assistance and 
Mr Rolf Sennhenn for preparing the illustrations. 
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A prospective study of xenon arc photocoagulation 
for central retinal vein occlusion 


DONALD R. MAY, MICHAEL L. KLEIN, ann GHOLAM A. PEYMAN 
From the Department of Ophthalmology, University of Illinois Eye and Ear Infirmary, Chicago, Illinois 


The clinical symptoms of central retinal vein 
occlusion have been recognized for the past century. 
The disease was first described in 1855 (Liebreich, 
1855), just five years after Helmholtz invented the 
ophthalmoscope. There have been many subsequent 
studies on its natural history and pathogenesis 
(Klien, 1953; Hayreh, 1971; Vannas and Raitta, 
1972). 

The treatment of central retinal vein occlusion 
has been controversial with a myriad of therapeutic 
modalities producing varying results in different 
hands. Therapeutic regimens including potassium 
iodide and pilocarpine (Braendstrup, 1950), ir- 
radiation (Gradle, 1937; Benedict, 1948; Hessberg, 
1944), anticoagulants (Holmin and Polman, 1938; 
Klien and Olwin, 1956; Vannas and Orma, 1957), 
fibrinolytic agents (Dolenek, Blatny, and Navratil, 
1968; den Ottolander, 1968), dextran 40 (Francois 
and Verbracken, 1974), corticosteroids (van Loon, 
1961; Mehlan, Eichler, and Jenssen, 1974), and 
carbogen (95 per cent O,, 5 per cent CO.) (Sedney, 
1976) have been advocated. 

There have been reports of good results obtained 
with the use of photocoagulation in branch vein 
occlusion (Krill, Archer, and Newell 1971; 
Campbell and Wise, 1973; Gitter, Cohen, and 
Baber, 1975) and diabetic retinopathy (Diabetic 
Retinopathy Study Group, 1976). Recently, reports 
of photocoagulation for central vein occlusion 
(Frangois, Cambie, and De Lacy, 1974; Freyler and 
Nichorlis, 1974; 'lheodossiadis, Charamis, and 
Velissaropoulos, 1974; Wetzig and Thatcher, 1974; 
Zweng, Fahrenbrush, and Little, 1974; Oosterhuis 
and Sedney, 1975; Sedney, 1976) have also shown 
good results. To our knowledge there have been no 
previous controlled prospective studies. 

This paper is a preliminary report on the first 20 
patients in & prospective controlled study initiated 
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three years ago by two of us (MLK and GAP) to 
evaluate the effect of xenon photocoagulation on 
central retinal vein occlusion. 


Materials and methods 


Patients over 40 years of age with central retinal vein 
occlusion and a visual acuity of 20/40 or less were 
referred to us from both the clinic and private patient 
populations. The purpose and nature of the study were 
explained to the patients. Patients being treated with 
medications such as anticoagulants,’ corticosteroids, or 
vasodilators specifically for the central vein occlusion 
were not included in the study. Patients with ocular 
diseases (for example, diabetic retinopathy) which could 
influence visual acuity and those whose ocular media 
were not clear enough to permit photocoagulation were 
also excluded. 

A thorough medical history was taken and then each 
patient was referred to the Department of Medicine 
at the University of Illinois Medical Center for a 
thorough examination. All patients underwent laboratory 
tests including st least: a complete blood cell count, 
urine analysis, three-hour glucose tolerance test, plasma 
thromboplastin, partial thromboplastin time, haemo- 
globin electrophoresis, serum protein electrophoresis, 
electrccardiogram, chest x-ray, red blood cell sedimenta- 
tion rate, and serum cholesterol and triglycerides. 

A complete ophthalmological examination was 
performed including the following: visual acuity 
(Snellen chart, refracted), slit-lamp examination of the 
anterior segment, gonioscopy and fundus biomicroscopy, 
applanation tonometry, visual fields (Goldmann), fundus 
and iris fluorescein angiography, stereoscopic colour 
pictures of the fundus, and electroretinography. 

The patients were randomly assigned to the treatment 
or non-treatment group by drawing pieces of paper 
labelled ‘treat’ or ‘non-treat’ from a bag. Those in the: 
non-treatment group were given no therapy for the 
central vein occlusion and were followed-up every 
three months. Patients in the other group were treated 
as outpatients and given photocoagulation with the 
Zeiss xenon photocoagulator using a Fankhauser slit- 
lamp delivery system. 

Topical o:5 per cent tetracaine and retrobulbar 
2 per cent lignocaine with epinephrine 1 : 100 ooo and 
hyaluronidase were given before treatment. Through 
dilated pupils, an average of 214 lesions (3° centrally; 
all others 4:5?) with an average total energy delivery of 


169 joules were delivered as a 360° scatter. photo- 
coagulation in one treatment session. The lesions were 
placed at least 3 apart with no lesions placed within one 
disc diameter of the disc or fovea. In addition, focal 
treatment was applied to neovascularization from the 
retina (NVE) when present. Neovascularization from the 
disc (NVD) was not treated directly. A polymyxin 
B-bacitracin-neomycin ointment and an eve patch were 
applied to the eve after treatment and the patient was 
examined the next day, then every week for one month, 
and finally at three-monthly intervals. 

Eleven of the 20 patients initially admitted to the 
study were randomly assigned to the non-treatment 
group and nine were treated. ''able I shows the random 
allocation of the patients. For one patient in each group 
the follow-up period was three months or less. 


Results 


In the untreated group the visual acuity improved 
two lines or more on the Snellen chart in three eyes, 
decreased by two lines or more in four eves, and 
remained unchanged in three eyes. In the treated 
group vision improved in one eye, decreased in 
two eyes, and remained unchanged in five eves. 
One patient in each group did not have a long 
enough period of follow-up to assess the visual 
acuity changes. Table II lists the visual changes of 
each of the patients. 

None of the eves had NVD at the time of the 
initial examination. During the course of the study, 
however, NVD developed in two of the untreated 
and one of the treated group. One patient in the 
treated group had NVE initially. This was treated 
focally as described above, but NVE again developed 
in the same eve. 

Rubeosis iridis was observed only in the untreated 
group. Two of the patients randomly assigned to 
the non-treatment group initially had rubeosis. 
Rubeosis developed in two additional patients in 
the untreated group and all four progressed to 
neovascular glaucoma. Rubeosis was initially seen 
on an average of 3:25 months after the patient's 
reported date of onset of visual symptoms. Of the 
untreated patients there were five with a significant 





Table I Summary: of data on patients 
Patients Untreated Treated 
Number II 9 
Mean age (years) 73 (52-88) 67 (50-76) 
Glaucoma 5 4 
Hypertension 5 2 
Average time until 

examination (months)  4'5 423 
Average follow-up 

(months) 19:5 15 
Insufficient follow-up I I 
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Table H Changes in visual acuity 





Visual acuity 


Patients Initial Final 
Controls 
1 3,200 io 200 
2 Perception of light 20 300 
3 2:200 2 200 
4 2/200 No perception of light 
5 20/400 m 
6 Perception of light No perception of light 
Vi Hand movements Perception of light 
3 Hand movements Hand movements 
9 20/400 20/70 
10 20/70 No perception of light 
I1 20/400 20/200 
Treated 
1 1/200 Hand movernents 
2 20/400 20:300 
3 3/200 20 200 
4 2/200 7 
5 5/200 1/200 
6 3,200 3:200 
7 6:200 2.200 
8 20/400 20/300 
9 8/200 No perception of light 


Co ERREUR S HUP LUÓRIRLAA EAEE EREE AAA eE USC UA UPC CC HIVER INTTR WI, 
*Insufficient follow-up 


disappearance of capillaries at the posterior pole on 
initial examination as demonstrated by fundus 
fluorescein angiography. Of these five patients, two 
had rubeosis on entering the study and two 
developed rubeosis subsequently. These four eyes 
later developed neovascular glaucoma. Four of the 
nine patients in the treated group presented with 
extensive disappearance of capillaries at the posterior 
pole on initial examination but none went on to 
develop rubeosis. 


Discussion 

Photocoagulation has been advocated for vascular 
diseases of the retina including branch vein 
occlusion and diabetic retinopathy. The current 
rationale is that the destruction of hypoxic tissue 
by photocoagulation reduces the vascular load on 
the posterior pole, decreasing macular oedema and 
capillary leakage and allowing the remaining tissue 
to receive an adequate blood supply (Campbell 
and Wise, 1973; Theodossiadis and others, 1974). 
Furthermore, destruction of the pigment eprthebum 
may promote diffusion of fluid into the choroid 
(Peyman, Spitznas, and Straatsma, 1971). It is, 
also felt that the reduction in hypoxic tissue 
decreases the neovascular stimulus on the globe 
(Krill and others, 1971; Cleasby, Hall, Fung, and 
Webster, 1974). 
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From the analysis of our preliminary data we 
find no significant differences between the two 
groups regarding visual prognosis. Our data also 
currently show no definitive effect on posterior pole 
neovascularization. 


The only effect of scatter photocoagulation found _ 


in our study was the prevention of rubeosis iridis 
and subsequent neovascular glaucoma. Four of the 
untreated group developed neovascular glaucoma 
although two of these patients had rubeosis when 
they were randomly assigned to the non-treatment 
group. None of the patients in the treated group has 


developed neovascular glaucoma. Between 8 and, 


48 per cent of patients with central vein occlusion 
are reported to develop neovascular glaucoma 
ultimately (Gradle, 1937; Braendstrup, 1950; 
Vannas and Orma, 1957; Raitta, 1965). Our 
preliminary data show that 360° scatter treatment 


with xenon photocoagulation may be significant in 
the prevention of neovascular glaucoma. 


Summary 


Twenty patients with central retinal vein occlusion 
were randomly divided into two groups in a pros- 
pective study to evaluate the effects of xenon arc 
photocoagulation in central retinal vein occlusion. 
The patients in one group were treated with 360° 
scatter xenon photocoagulation and the others 
received no treatment. The average follow-up was 
18 months. There were no cases of rubeosis or 
neovascular glaucoma in the treated group. Two 
patients in the untreated group developed rubeosis 
with subsequent neovascular glaucoma. There was 
no significant difference in the visual prognosis or 
in fundus neovascularization between the groups. 
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Laser induced phagocytosis in the pigment epithelium 


of the Hunter dystrophic rat 


P. L. ANSELL anp JOHN MARSHALL 


From the Department of Visual Science, Institute of Ophthalmology, London 


The membrane systems in the outer segments of 
rod photoreceptor cells in the retinae of normal rats 
are in a state of flux. The bimembranous discs of 
which the outer segment is composed (Pedler and 
Tilly, 1967) are continuously being renewed 
throughout life (Young, 1967). New discs are 
formed in the region of the inner segments of the 
receptor cell and are progressively displaced towards 
the pigment epithelium by successive disc produc- 
tion. The time taken for a newly-formed rat disc 
to traverse the outer segment is about nine days 
(LaVail, Sidman, and O'Neil, 1972). Old discs at 
the tips of rod outer segments are removed by the 
phagocytic action of the pigment epithelium 
(Young and Bok, 1969) The spent discs are 
engulfed by the epithelial cell in groups of varving 
numbers, but at a rate which approximately equals 
the rate of production. Thus in adult animals no 
marked change in receptor length is recorded. 
Once inside the pigment epithelium the groups of 
dises, called phagosomes, undergo lysis which 
results in their progressive degeneration (Marshall, 
1970a; Ishikawa and Yamada, 1970; Marshall and 
Ansell, 1971). 

Morphological studies on the retinae of rats with 
retinitis pigmentosa have shown the presence, and 
progressive accumulation, of membranous material 
between the outer segments of the retinal receptor 
cells and the pigment epithelium (Dowling and 
Sidman, 1962). This extracellular material has been 
shown to originate from the spent discs of receptor 
cells (LaVail and others, 1972). It has also been 
demonstrated experimentally that the accumulation 
of receptor debris is not related to an increased rate 
of production of rod discs (Herron, Riegel, Mvers, 
and Rubin, 1969), but to the absence of uptake of 
this material into the retinal pigment epithelial cells 
(Bok and Hall, 1971). These findings have led to 
the conclusion that in rats with retinitis pigmentosa 
a malfunction exists in the phagocytic relationship 
between the receptor cells and the retinal pigment 
epithelium. Such a breakdown could arise from 
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anomalies inherent in either the receptor cell or in 
the pigment epithelium. Several workers have 
demonstrated that the pigment epithelium of these 
animals contains the lytic enzymes capable of 
inducing phagosome degradation (Burden, Yates, 
Reading, Bitensky, and Chayen, 1971; Ansell and 
Marshall, 1974). Thus either the spent red discs 
are altered in some way and hence the pigment 
epithelium will not engulf them, or the apical 
membrane of the pigment epithelium is at fault and 
will not allow the spent discs to pass through. 
some biochemical anomalies have been found in 
the outer segments of these animals; for example, 
Schmidt and Lolley (1973) and more recently 
Dewar, Barron, and Richmond (1975) showed that 
the retinae of mice and rats with retinal dystrophies 
are deficient in the enzyme, retinal phospho- 
diesterase. It has been suggested that the resultant 
accumulation of cyclic nucleotides such as, adeno- 
sine 3, 5' monophosphate and guanosine 3', 5’ 
monophosphate—could result in the changes 
associated with the anomalous photoreceptor 
differentiation and function (Farber and Lollev, 
1974; Dewar, Barron, and Reading, 1975), although 
further work on the Royal College of Surgeons (RES) 
rat suggests that these changes are secondary and 
related to the accumulation of photoreceptor debris 
(Lollev and Farber, 1976). There is now increasing 
evidence that the phagocytic process of the pigment 
epithelium is discriminatory (Hollyfield and Ward, 
1974a, b). Thus in dystrophic animals the lack of 
phagocytosis may be caused bv the receptors pre- 
senting the wrong signal to the apical membrane of 
the pigment epithelium. Corroborative evidence 
for this hypothesis has been obtained recently in 
two separate experimental investigations (Reich- 
D’ Almeida and Hockley, 1975; Custer and Bok, 
1975). Both these groups of workers injected sub- 
strate material into the subretinal space of dystrophic 
rats, the former used carbon particles while the latter 
isolated from normal rats. In both series of 
experiments the substrate particles were engulfed 
bv the pigment epithelium of the dystrophic animals 
and appeared as membrane-bound inclusions. The 
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phagosomes of outer segment material described by 
Custer and Bok (1975) were identical with those 
found in normal animals. 

In normal animals if the retina is experimentally 
damaged either by laser irradiation (Marshall, 
19708; Marshall and Mellerio, 1970) or by ischaemia 
{Johnson, 1975) the endemic phagocytic activity of 
the pigment epithelium becomes hyperactive and 
clears the debris from the damaged site. In contrast 
with ischaemia, lasers produce a controlled localized 
area of damage. At the centre of the irradiated area 
many pigment epithelial cells and their associated 
receptor outer segments experience a great increase 
in temperature and therefore become thermally 
denatured (Marshall, 1970b). However, in the 
peripheral zone of the lesion the epithelial cells 
recover from any transient thermal insult and begin 
to form new cells, many of which dissociate from 
Bruch’s membrane and assume the activity of 
wandering macrophages (Marshal and Mellerio, 
1970). 

The current paper reports the induction of 
phagocytosis in the pigment epithelium of retinitis 
pigmentosa rats by exposing them to low-power 
laser irradiation of the retina. It is not a therapeutic 
proposal. 


Methods and materials 


To ensure that laser energy was absorbed in the region 
of the pigment epithelium, pigmented dystrophic 
animals (Hunter strain) were used throughout this study. 

To achieve maximum mydriasis 2 drops of 1 per cent 
cyclopentolate were instilled into one eye of each 14- 
day-old rat. After 20 minutes the animals were anaes- 
thetized with diethyl ether and then the eye was exposed 
to an experimental pulsed ruby laser system mounted 
on a Zeiss slit-lamp (Perkins and Brown, 1973). The 
system used a pı cm X 6:4 mm (2 x jin) ruby rod 
which was air cooled and had a pulse duration of 450 us. 
The laser beam passed through auxilliary optics and 
and was brought to a focus coaxially with the illumination 
beam of the slit lamp. The output energy of the laser 
was adjusted to between 5 and 3o m] by introducing 
glass neutral density filters into the beam path. Beam 
power levels were monitored on a model 42 calorimeter 
(Laser Associates Ltd) and displayed on a model 155 
voltmeter (Keithley Instruments). 

To locate lesions in specific positions on the rat's 
fundus, the refractory system of the rat's eye was 
negated by pressing a cover slio on its cornea. Three 
lesions were produced in one eye of each animal, and in 
each case these were located away from the optic disc 
or major vessels. 

The animals were killed with chloroform on the 
fifteenth postoperative day, and their eyes were im- 
mediately removed. After a corneal incision each eye was 
immersed in 15 ml of 2:5 glutaraldehyde buffered to 
pH 7:4 in o-r mol/l sodium cacodylate containing 10 mg/ 
ml calcium chloride. Five minutes after immersion in 
this fixative a circumferential incision was made just 


posterior to the sulcus sclerae, and the anterior part of 
the eye, together with the lens and vitreous, were 
discarded. After a total fixation time of 20 minutes the 
lesions together with unirradisted control areas were 
isolated from the posterior eye cups using a dissecting 
microscope. Samples were then processed for light and 
electron microscopy or electron histochemistry as 
previously described (Ansell and Marshall, 1974). 


Results 


The morphology and acid phosphatase distribution 
in control areas of dystrophic retina were similar to 
those previously described (Ansell and Marshall, 
1974), but in addition in the present series of 
experiments lead phosphate deposit indicating acid 
phosphatase activity was found over lysosomes 
within the pigment epithelium (Fig. 1a). 

In light microscopical examination of the pigment 
epithelium the irradiated areas could clearly be 
distinguished. The cytological appearance varied 
both with the irradiance of the initial exposure and 
with the distance of individual cells from the centre 
of the irradiated area. 

In the higher energy exposures (10 to 30 mJ) 
Bruch’s membrane was deformed, multilayered, 
and enlarged in thickness, and often contained 
globular lipid-like inclusions. 

In all exposures the entire area of the lesion was 
covered by pigment epithelial cells (Fig. 15). These 
proliferated epithelial cells were either flattened and 
elongated (size 20 X 5 um) or rounded and globular 
(size 15 um). The flattened cells were spindle- 
shaped and maintained contact with Bruch’s 
membrane over a large part of their basal surface 
area (Fig. 2a). In contrast, the globular cells 
projected into the outer segment region of the 
photoreceptor cells and were either separated from 
Bruch’s membrane, or associated over a limited 
area of their circumference sometimes only by villi- 
form projections (Fig. 25). In the periphery of many 
lesions, rounded pigmented cells could be seen 
between normal pigment epithelial cells attached 
to Bruch's membrane, and the outer segments of 
photoreceptor cells (Fig. 2c). In other lesions within 
the central area a hyperplasia of the epithelial cells 
was observed, and consisted of successive layers of 
spindle-shaped poorly pigmented cells. 

In low-energy exposures (5 to 10 mJ) the epi- 
thelial cells within the irradiated areas were irregular 
and either larger or smaller than those in control 
sections. Few cells were seen isolated from Bruch's 
membrane. 

In all lesions the layer of subretinal photoreceptor 
debris normally found in these animals was either 
reduced or removed (Figs 10, 2). 

In both mild and severe lesions the various types 
of epithelial cells were seen to contain densely 
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ric. ila) Electron micrograph of dystrophic rat pigment epithelium with lead phosphate deposits over 
lysosomes (arrowed), indicating presence of acid phosphatase : Bruch's membrane ( B). X409 

FIG. 1(6) Light micrograph of centre of a 15-day-old laser-induced lesion in retina of a dystrophie 
rat. Regenerated pigment epithelial cells are present throughout irradiated area (arrowed), and are 
associated with a reduction of debris ( D) in the subretinal space. - 3€0 
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» nd o- cowe 
© (16.2. Light micrographs of receptor epithelial junction in areas of dystrophic rat retina irradiated with 
laser light. (a) The subretinal debris ( D) is lost over the multi-layered proliferated epithelial cells ( P). 
Photoreceptor cell outer segments ( R) are present throughout irradiated area. < 360. (b) Globular 
regenerated epithelial cells (arrowed) in a subretinal space at edge of a laser lesion. s6o. 
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FIG. 3 (a) Electron micrograph of regenerated epithelial cell in the subretinal space. € 'ell contains 


phagosomes (G) and both free and engulfed melanin granules. Sooo. (b) Electron micrograph of 
organelles and inclusions in a regenerated epithelial cell : free melanin eranules ( F) and premelanosome 


(M), ingested melanin granules (arrowed). 20 000 
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staining inclusions with the size and appearance of 
phagosomes. 

On examination of the irradiated areas in the 
electron microscope the proliferated pigment 
epithelial cells had a substructure similar to that of 
normal retinal epithelial cells. They were seen to 
contain numerous organelles, including many 
associated with the normal development of pigment 
granules—for example, premelanosomes and mature 
melanin granules (Fig. 3). In some cells similar 
organelles were also found in groups or together 
with amorphous material within membrane-bound 
systems. In histochemical samples these membrane- 
bound inclusions were always associated with dense 
lead phosphate precipitates. Many cells contained 
engulfed particles of photoreceptor outer segments 
and these were similar to but larger than those 
found in the pigment epithelium of normal rats 
(Figs 3, 4). The rounded cells that had separated 
from Bruch's membrane usually contained greater 
numbers of phagosomes per cell than the spindle- 
shaped variety. In some few cases the active 
incursions of the bounding membrane of epithelial 
cells into receptor cell debris were observed. 

In the samples taken from areas of irradiated 
retina tested for acid phosphatase activity, lead 
phosphate deposits were seen over the phagosomes 
and presumptive lysosomes (Figs 4b, c) The 
intensity of the reaction varied with both the 
appearance and position of the phagosome. Peri- 
pheral inclusions with relatively unaltered mem- 
brane structure always had less lead deposit than 
the more central and disorganized structures. In 
contrast with the unirradiated areas little reaction 
product was seen associated with either the 
bounding membranes or the extra cellular debris. 

In the areas of the lesion some receptor cells were 
destroyed and degenerating remnants of the inner 
portions of these cells were identified by their 
electron-dense staining. Occasionally photoreceptor 
cells in the periphery of the irradiated area were 
seen to contain phagosome-like material within 
their inner segments (Fig. 5). 


Discussion 


‘The pigmented cells observed in the irradiated areas 
of dystrophic rat retinae are similar to the prolifer- 
ated epithelial cells described in other animals 
exposed to similar sources of radiation. In most 


brane and into the lesion. 'T'hese amoeboid processes 
coupled with new cells derived from either budding 
(Gloor, 1969) result in a re-epithelialization. In 
many instances the newly formed cells bud off 
from Bruch's membrane when they reach the centre 


of the lesion (Marshall, Frankhauser, Lotmar, and 
Roulier, 1971). The resultant wandering cells 


epithelium of the frog (Ranma pipiens) using 
pasteurized bacteria, large phagocytic cells were 
observed within the subretinal space, but the 
authors concluded that these were probably blood- 
borne leucocytes (Hollyfield and Ward, 19744). 
This deduction was based on observations of 
differences in subcellular morphology and the fact 
that melanosomes were absent. Similar observations 
were used to discriminate between two populations 
of cells in studies on the salamander (Keefe, 1973), 
and on the rabbit (Marshall and others, 1971). 
Both these studies concluded that most of the 
wandering cells within the subretinal space were 
derived from the pigment epithelium, while a small 
number may be derived from the blood. In the 
current study most cells in the subretinal space 
contained normal premelanosomes and pigment 
granules and had an endoplasmic reticulum identical 
with that of pigment epithelial cells in unirradiated 
areas. We conclude, therefore, that most phagocytic 
cells within the irradiated areas of dystrophic rat 
retinae are of epithelial origin. 

Several papers confirm the presence of a dis- 
criminating recognition process in the phagocvtic 
mechanism of the pigment epithelium (Hollvfield 
and Ward, 1974a; Reich-d'Almedia and Hockley, 
1975; Custer and Bok, 1975; Hollyfield, 1976). 
These workers showed that the pigment epithelium 
will ingest carbon particles and latex spheres, will 
not ingest pasteurized bacteria, and has difficulty 
in engulfing normal receptor outer segments 
prepared by subcellular fractionation. Clearlv the 
pigment epithelium is relatively omnivorous for 
abiotic particles, but must possess a fine sensory 
mechanism to discriminate between a normal spent 
section of rod outer segment and one that has been 
subjected to im vitro isolation techniques. 

The omnivorous response to inert particles 
suggests that the process of ingestion may not 
require a specific chemical induction system to 
activate the apical membranes of the pigment 
epithelium, as it is unlikely that carbon particles or 
latex spheres possess such systems. It has been 
stated that the surface charge of these particles may 
be important in the recognition process (Karnovsky 
and Wallach, 1963) as the charge on latex spheres 
is the same but of twice the magnitude as that of 
biological membranes (Feeney and Mixon, 1976). 
However, amorphous carbon particles have no net 
charge and are still readily engulfed. These 
observations imply that the membrane receptor 
sites of the pigment epithelium are non-specific, 
but that they possess an active rejection system 
when confronted with potentially harmfu! material. 
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FIG. 4 Electron micrograph of inclusions in regenerated pigment epithelial cells of dystrophic rat. 


/ so ooo. (a) Phagosomes within a pigment epithelial cell in the laser irradiated area. (b) A phagosome 


associated with lead phosphate deposits indicating acid phosphatase activity. (c) A dense lead phosphat 
bris and a melanin granu! 


deposit associated with a phagocytic inclusion containing both amorphous de 
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ter segment material in inner segment of a cell in the periphery of 





a laser-irradiated area. Such inclusions have been termed autosomes. - 20000 


In the current study the debris from both 
damaged photoreceptor and pigment epithelial cells 
was ingested and shown to be in association with 
lytic enzymes. Pigment granules and premelano- 
somes are readily recognized as morphological 
entities within the boundary membranes of 
phagocytic particles. However, the appearance of 
membranous ‘whirls’ and their exclusive identi- 
fication as phagosomes of outer segment material 
is difficult as such structures are characteristic of 


degenerating or damaged cells and have been 
observed in many systems (Meban, 1972; Tripathi 
and Ashton, 1976). In some instances the 
morphology of the phagosomes observed in the 
present study was such that their photoreceptor 
origins could be determined. The lipid-like deposits 
within. Bruch's membrane suggest that there is 
some resistance to voiding the breakdown products 
of lysis and that there may be an imbalance in 
blood retinal exchange. However, this probably 


arises because of the thickening of Bruch’s mem- 
brane and the loss of choroidal capillaries within 
the irradiated area in severe exposures. 

The observation of phagosomal particles within 
the inner segment region of some photoreceptors in 
the periphery of the irradiated area may relate to 
the recent findings of Reme and Young (1976). 
These authors describe such particles called 
autosomes in the cones of the ground squirrel 
during the loss of these receptors before hibernation. 
Observations in our laboratory show autosomal 
inclusions in cones to be characteristic of degenera- 
tive changes associated with both traumatic insult 
and ageing. The sparse distribution of cells with 
such inclusions in the present study could reflect 
a cone-like receptor population in rats (Leure- 
du Pree, 1971). 

Clearly the changes induced in photoreceptor 
and pigment epithelial cells as a result of laser 
irradiation removes the influence that precludes 
phagocytosis in the Hunter rat. 

The proliferated epithelial cells must have the 
same genetic complex as their parent cells and 
therefore it would be difficult to consider them 
having significantly different biochemistry. In 
contrast the receptor cell outer segments within 
the irradiated area have been thermally denatured. 

There are four primary mechanisms by which the 
morphological manifestations observed in dystro- 
phic rats could arise (Custer and Bok, 1975). 

1. The pigment epithelium lacks some com- 
ponent necessary for phagocytosis. 

The rod outer segment either lacks an essential 
inducing agent, or possesses an inhibiting 
agent that precludes phagocytosis. 

Both the above mechanisms are present in 
some combination and collectively contribute. 

4. Complementary defects are present in the 

rod outer segment and the pigment epithelium 
and the disease manifestations are expressed 
only when both defects are combined. 

The results reported in this paper, together with 
the reports of Custer and Bok (1975) and Reich- 
D'Almeida and Hockley (1975), strongly suggest 
that the primary lesion is in the photoreceptor cell 
(as in 2 above), and that this subsequently inhibits 
the phagocytic action. of the pigment epithelium. 
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However, the unilateral evidence of these studies 
has recently been countered by observations on a 
chimeric rat produced by the aggregation. of 
embryos of albino dystrophic animals with those 
of pigmented normal animals (Mullen and LaVail, 
1976). The resulting animals had mosaic eyes with 
both pigmented and non-pigmented epithelium. De- 
generation of the photoreceptor cells occurred only 
in patches opposite areas of non-pigmented, 
dystrophic pigment epithelium, and the authors 
concluded that the primary lesion was confined ta 
the pigment epithelial cell (as in 1 above}. It is 
difficult to justify these observations with those 
of the current paper or previously published reports. 
However, two further possibilities must be con- 
sidered. First, it is not known whether the dystro- 
phic cells within the neural retina always come to 
lie adjacent to dystrophic pigment epithelium. 
Clearly the initial separation of these two layers and 
the temporal sequence of invagination and differen- 
tiation of the neural retina render this hypothesis 
unlikely. However, an inductive system may be 
present, and in the absence of markers for dvstro- 
phic photoreceptor cells, it cannot be ignored. 
secondly, a primary malfunction in the pigment 
epithelium which is part of the blood retinal barrier 
may also give rise to problems in receptor homeo- 
stasis which in turn could preclude phagocvtosis 
(as in 3). While the first of these two suggestions is 
unlikely, the last would explain the anomalies 
which now exist in the literature. 


Summary 


The retinae of 14-day-old Hunter dystrophic rats 
have been subjected to low-energy irradiation by a 
pulsed ruby laser. Fifteen days after exposure, 
pigment epithelial cells had proliferated and re- 
populated the irradiated areas. In all such areas the 
subretinal photoreceptor debris had been reduced 
or lost. 
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Vitreoretinal reactions and persistent hyaloid vessels 
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In the large series of cases of pseudoglioma reported 
by Howard and Ellsworth (1965) the conditions of 
persistent hyaloid vessels (PHV) or persistent 
primary vitreous (PPV) often occurred as a single 
anomaly, but only rarely as part of a syndrome— 
for example, Reese's dysplasia, Heine-Norrie's 
disease, incontinentia pigmenti Bloch-Sulzberger, 
Laurence-Moon-Bardet-Biedl’s syndrome, chro- 
mosomal anomalies of group D. 

Retinal changes may be combined with PHV 
and PPV-—that is, with retinal folds (Mackensen, 
1953), falciform retinal detachment (v. Barsewisch, 
1968), areas of chorioretinal atrophy (Gloor, 1975), 
or atypical retinal detachment (Gloor and Haller, 
1968). Retinal dysplasia is a lesion more often found 
in association with complex anomalies; Ricci (1969) 
used the term vitreoretinal dysplasia for such cases. 

Vitreoretinal adhesions (Mann, 1935) have been 
shown experimentally to occur as a developmental 
anomaly (Orts Llorca and Genis Gálvez, 1960). 
Tripathi and Ashton (1971) found that vaso-glial 
connexions were normal in the adult rabbit. Vitreo- 
retinal strands in man are regarded as being 
degenerated vitreoretinal anastomoses of blood 
vessels (Hagedoorn and Sieger, 1956; Reese, 1955; 
Wolter and Flaherty, 1959; Spaulding and Nau- 
mann, 1967; Gartner, 1964). These strands are 
also seen in cases of non-oxygen induced retinitis 
proliferans in full-term infants (Stefani and Ehalt, 
1974). The observation that retinitis proliferans 
occurs with other anomalies (Krümmel and Rausch, 
1955; Benedikt and Ehalt, 1970; Addison, Font, 
and Manschot, 1972; Stefani and Ehalt, 1974; 
Best and Rentsch, 1974) is of importance regarding 
the mechanism of lesions that histologically mimic 
retrolental fibroplasia but which occur in children 
who have not received oxygen treatment, and of 
possible significance in understanding the mechan- 
ism that leads to fibroplasia. 

We have records of only eight cases of PPV, 
relatively few compared with other hospitals 
(Manschot, 1958; Font, Yanoff, and Zimmerman, 
1969; Jensen, 1968), but these are sufficient to 
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advance some views of vitreoretinal reactions 
induced by persistent vascularized tissue within the 
eye; in cases which mimic retrolental fibroplasia 
the blood vessel formation was of especial interest, 


Material 


Each of the eight cases had been full-term and only one 
infant (Case 4) had received oxygen treatment because 
of cyanosis (Table D, The particulars of the clinical and 
macroscopical findings are given in Table I1, Case 4 
was clinically suggestive of 13-13 trisomy. The diagnosis 
of PPV was not made clinically, 


HISTOLOGICAL FINDINGS (Table II D 
Persistent primary vitreous (PPV) 


The appearance of PPV varied considerably from loose 
cellular forms similar to normal (embryonic) primary 
vitreous (Cases r, 2, and 3) to firm fibrous or scarlike 
forms (Cases 4, s, 6, and 8). One (Case 7) showed a 
fatty transformation and another (Case 4) contained 
nests of chondroid tissue. The cellular form contained 
mainly two cell types, of fibroblastic and macrophagic 
vitreo-cystoid elements arranged in a netlike pattern. 
In a few sections in Case r, a large intracellular periodic 
acid-Schiff-positive globule resembling a corpus amv- 
laceum could be seen, but it was not possible to classify 
the surrounding cell. This cellular form of PPV was 
usually well vascularized while the fibrous form showed 
onlv poor vascularization, as did the form showing 
fatty degeneration. 


Persistent hyaloid vessels (PHV ) 


Not all cases showed an obvious or patent persistent 
hvaloid artery (PHA) or vasa hyaloidea propria. Signs of 
obliteration of the PHA (thickening of the tunica intima 
and delamination of the internal elastic membrane with 
narrowing of the lumen) were not seen. The hvaloid 
blood vessel system was particularly prominent in Cases 
1 to 3. Patent anastomosing vitreoretinal blood vessels 
were present in Cases 1, 2, 4, and 8 (Fig. 1). There were 
some ghal cells sheathing the preretinal portion of the 
blood vessel anastomoses and prominent vitreoretinal 
strands were usuallv observed near bv in these cases. 
These vitreoretinal strands consisted of a cellular (glah 
portion on the retinal side which became fbrillary 
towards the vitreous. In some there were signs of 
traction along the strands with formation of retinal folds 
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Table I General clinical findings in eight cases 








Case . Other clinical 
(no.) Sex Age O, Other eye malformations 
x Boy imonth ~ Normal — 


a Girl 3 months - Normal — 


Other clinical findings Cause of enucleation 
— Hydrophthalmus 


Grandmother 47 years old, myopic; Suspected retinoblastoma 
mother 22 years old, myopic 
with peripheral retinal degenera- 
tion, holes and marked pupillary 
membrane; gunt 23 years old, 
myopic; uncle 14 years old, myopic 
peripheral retinal degenera- 
tion and retinal holes 


= Suspected retinoblastoma 


4 Girl 1imonth + Cryptophthal- Cardioversion, hypoplasia Cyanosis, death due to pneumonia Necropsy 


3 Boy 4months ~ Normal — 
mus of the lungs intestinal 
abnormalities 
5 Boy 13 years ~ Normal — 
6 Boy 6months ~ Normal — 
7 Boy 4 years — Normal — 
8 . Boy 5 years ~ Normal — 


— i Secondary glaucoma 
Maternal bleeding at 4 to 6 months Suspected retinoblastoma 

— Hydrophthalmus 

— Suspected intraocular tumour 





Table Il Clinical and macroscopical findings in 
enucleated eyes 





(no y Clinical findings Macroscopical findings 


x Hydrophthalmus Large piste gebe — 
Corneal clouding Intracorneal filtering bleb (due to 
Cataractous lens partial absence of Descemet’s 

membrane) 
Small cataractous lens with 








on 
PHV and PPV 
Tunica vasculoss lentis 


Small globe 
Cataract, posterior lenticonus 
‘Total retinal detachment 


‘Total retinal detachment 
Iridocorneal adhesions 
Pre- and intraretinal haemorrhages 


Cryptophthalmus, marked micr- 
ophthalmus 


Cataractous lens 


4 Suspected crypt- 
us or 
anophthaimus 
Obliterated anterior chamber 
Small cataractous lens with 
Irificati 


Connective tissue with chondroidal 
deposits in front of the folded 
nasal retina 


Cataractous, partly calcified lens, 
falciform retinal detachment 


Glaucoma nasally with adhesion to the lens 
Hyphaema 
6 Microphthaimus Small globe 
Sclerocornea Aphakia 
Leucocoria Suspected ciliary and optic coloboma 
Retinal detachment 
4 Hydrophthalmus Large globe 
Leucocoria Fatty tissue in the posterior chamber 
area (PPV?) 
8 Microphthalmus Small globe 


(Fig. 2). Sometimes there was a close spatial relationship 
of PHV to the retina (Fig.:3) which was avascular in 
these areas. In three (Cases 2, 3, and 8) there was new 
vessel. formation on the surface of an avascular retinal 
area (Fig. 4); there were no intraretinal glomeruloid 
endothelial proliferations suggestive of proliferation of 
retinal vessels but there were connexions to the vasa 
hyaloidea propria. 


Retinal vascular changes 


The avascular retinal areas were present mainly in the 
temporal periphery (Cases r to 4, and 8), although 
there was an avascular retinal area on the nasal side in 
some cases. In two cases, the vascular system was 
hypoplastic—for example, smaller blood vessels with 
wide intercapillary-spaces. In the case of falciform retinal 
detachment there was a marked fibrosis of blood vessels 
in the area of attachment. In only one case did the 
retinal vascular system appear normal. In three eyes 
with peripheral temporal avascular retina, there were 
the already described new vessel formations on the 
retinal surface of these areas. 


Structural retinal changes 


Changes of the retinal structure were mainly due to loss 
or rarefaction of ganglion cells or microcystoid degenera- 
tion. Other changes present were various degrees of 
gliosis, retinal dysplasia, or cystic retinoschisis. Retinal 
fold formations by contracted vitreoretinal strands have 
already been mentioned. 


Associated ocular changes 


There were other changes associated with these cases 
of PPV—for example, hypoplasia of the anterior seg- 
ment, cataracts and colobomata—but these are men- 
tioned here only for the sake of completing the 
histological findings. 
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Table III Histology of vitreoretinal changes in eight cases 


" Vitreoretinal Proliferating 
+ op = E ` , ^ E ; ^V + - 
Case PHI PPI anastomoses of preretinal blood Retinal vascular changes Changes in retinal structure 
Ono. } bload vessels vessels 
1 i w . = Peripheral temporal retina Rarefaction of ganglion cell laver 
(Anterior and with avascular areas Microcystoid degeneration at 
posterior) the posterior pole 
+ ve l Peripheral nasal and Retinal folds 
( Anterior and temporal retina with Microcystoid degeneration 
posterior) avascular areas Ganglion cell laver rarefaction 
Gliosis 
3 i : Peripheral nasal and Intraretinal haemorrhages 
( Anterior and temporal retina with Nlicrocystoid degeneration 
posterior) avascular areas Loss of ganglion cells 
Gliosis 
4 De l ap Peripheral temporal retina Nasal retina: loss of the inner 
(No obvious (With chondroidal with avascular area layers, outer layers intact: 
persistent changes) dysplastic areas 
hvaloid artery) Temporal retina: loss of garuhon 
cells, microcvstord 
degeneration 
3 m : = - ‘Temporal retina: hypo- Nasal retina: cystic 
(Not patent) (Except for plastic vascularization retinoschisis 
adhesion of PHV Nasal retina: fibrosis of 
blood vessels 
M = ~ Hypoplastic retinal blood Retinal folds 
vessels Rarefaction of inner Javers 
7 Not obvious : ~ — foss of inner layers 
(With fatty Vitreoretinal strands Some microcystoid. degeneration 
degeneration 
8 ej zs -+ + Peripheral temporal retina Loss of ganglion cells 


with avascular area Marked gliosis 
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Discussion 


During normal development, the hyaloid vascular 
system precedes retinal vascularization and under- 
goes involution at the seventh month. A persistent 
vascular system with surrounding connective tissue 
in the vitreous cavity is likely to be a potential 
factor in the induction of reactive developmental 
changes in other intraocular structures. 

Vascular vitreoretinal anastomoses and vitreo- 
retinal strands (Reese and Straatsma, 1958; Mans- 
chot, 1958; Wolter and Flaherty, 1959; Gärtner, 
1964; Spaulding and Naumann, 1967) may be 
regarded as reactive tissue changes caused by 
disturbed involution of the primary hyaloid system. 

Avascular retinal areas have previously been 
observed in incontinentia pigmenti or the Bloch- 
Sulzberger syndrome (Best and Rentsch, 1974). 
Our observation of peripheral avascular retinal areas 
in eyes of infants between the ages of one month 
and four years born at full-term is in contrast with 
that of Reese and Blodi (1949) and Reese (1955 
who described a fully developed retina in PPV. The 
persistence of an avascular retina shows there is no 
need for retinal vascularization and suggests there :s 
an adequate oxygen supply to this area of retina 
from the choroidal or vitreous aspects; in our cases 


this may be due to an increased oxygen level on the 
vitreous side with its abnormal vascular system 
(although there is also the possibility of early 
degenerative retinal changes and a consequent 
decreased oxygen demand). The same applies to a 
hypoplastic vascular system. The degree and 
morphological expression of the various factors 
involved (Table IV) in the abnormally developing 
eye may vary widely, and the lack of knowledge of 
the early stages of PPV would make further state- 
ments purely speculative. But with regard to 
vascularization of the developing intraocular tissues, 
especially in malformed eves, we would expect 
reactions as long as involution, degeneration, and 
tissue growth have not reached a final stage in which 
the blood vessel system covers the oxygen need of 
the tissues sufficiently. Massive new vessel forma- 
tion is a response to hypoxia which is not necessarily 
permanent. 


According to Foos and Kopelew (1973) the retinal 
vascular system is complete in only 10 per cent of 
full-term infants. We still see oxygen-induced 
retrolental fibroplasia although | mainly in pre- 
maturity and rarely is there an equivalent in full- 
term infants; thus an incomplete retinal vasculariza- 
tion at birth does not necessarily imply retinal 
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Table IV Possible factors inducing developmental 
or reactive vitreoretinal changes 
eee 
Persistent primary vitreous (PPV) tissues 

Involution 

Haemodynamics 

Hypoxia 

Degeneration 

Reactive growth 
Retinal tissues 


SSS 


ischaemia and with it the risk of retrolental fibro- 
plasia. The persistence of intravitreal blood vessels, 
however, raises the question whether these vessels 
may proliferate under certain conditions and thus 
mimic the proliferative phase of retrolental fibro- 
plasia. Indeed, Gyllensten and Hellstrém (1954, 
1955), Patz (1965), and Ashton (1968) showed in 
animal experiments that oxvren could induce a 
proliferation of persistent hyaloid vessels. We 
noticed formations of new vessels on the surface of 
peripheral avascular retinal creas thet had conne- 
xions with the hyaloid system and the absence of 
intraretinal endothelial proliferation indicates a 
hyaloid origin. Kriimmel and Rausch (1955) and 
Benedikt and Ehalt (1970) have suggested that the 
formations of new vessels in incontinentia pigmenti 
are supplied from the hyaloid artery, while Best and 
Rentsch (1974) in their case suggested that thev 
were supplied by the retina. So it appears possible 
that both vascular systems may play a role in the 





FIG. t Case 1. Nasal retina shoxing vitreoretinal forraation of new vessels and ischaemic retinal 
anastomosis of blood vessels (arrow) and vitreoretinal areas may play a pathogenetic role. This seems of 
strands. Haematoxylin and eosin, > 140 importance in some hitherto unexplained cases of 


FIG. 2 Case 1. 
Temporal retina 
with a vitreoretinal 
strand and formation 
of a retinal fold in 
the area of traction. 
Note also the 
ischaemic changes in 
the inner retina 
Haematoxylin and 
cosin. 140 
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cluding vitreoretinal anastomoses of blood vessels, 
vitreoretinal strands, traction folds of the retina, 
avascular retinal areas, hypoplasia of retinal blood 
vessels, rarefaction of retinal ganglion cells, and 
ischaemic structural changes of the retina. New 
vessel formation on the surface of avascular retinal 
areas was supplied from persistent hyaloid blood 
vessels. This finding may be of some importance 
in explaining those cases histologically resembling 
classical retrolental fibroplasia with no history of 
prematurity or oxygen treatment. 
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FIG. 3 Case 2. Close spatial relationship of persistent 
hyaloid blood vessels to the avascular retina. Haematoxylin 
and eosin. * 140 





non-oxygen induced retinitis proliferans in full- 
term infants. 

That ischaemic changes take place is further 
shown by the finding of microcystic retinal degener- 
ations and the loss of ganglion cells, although 
changes of intraocular pressure must also be taken 
into account. 





Summary — 

FIG. 4 Case 2. Neovascularization on the avascular 
In cases with persistent primary vitreous in full- retinal surface, Retina shows marked ischaemic changes 
term infants there were vitreoretinal reactions in- Haematoxylin and eosin. © 140 
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Radioactive phosphorus uptake testing of choroidal lesions 


A report of two false-negative tests 


DENNIS M. ROBERTSON 


From the Department of Ophthalmology, Mayo Clinic and Mayo Foundation 


The purpose of this report is to review the “P 
radioisotope uptake test as it relates to experiences 
with the diagnosis of suspected malignancies of the 
eye and to report two false-negative studies that 
were recorded over the posterior sclera of two eves 
harbouring malignant melanomas of the choroid. 


Method and materials 


SP testing for suspected ocular malignancy has been 
performed during the past three years at the Mavo Clinic 
in a manner similar to that described by Shields, 
Sarin, Federman, Mensheha-Manhart, and Carmichael 
(1974). Until recently our technique differed, however, in 
that we administered the **P orally rather than intraven- 
ously. A dose of 750 uCi of ??P was given to the patient 
orally on an empty stomach two to six days before 
testing, as suggested by Ruiz and Howerton (1973). 
The Gass marker 1s used for localizing the boundaries 
of the suspected tumour to the scleral surface (Gass, 
1966). Radioactive counts are then recorded alternately 
over the tumour site and at a specifically marked control 
site usually situated on the opposite side of the globe. 
We use the radioactivity. detection probe and scaler 
(Ruiz, 1972).* Four measurements are generally recorded 
over each site, although more are taken if there is 
inconsistency in counts or if the differences between 
counts over control and tumour site are not obviously 
disparate. The percentage uptake ts then determined by 
the formula: percentayr difference = (Ci ~ Co); Ce > roo, 
in which C is the average count over the suspected 
lesion and Ce is the average count over the control site. 
We consider that the test is positive if the percentage 
uptake over the tumour is at least 75 per cent greater 
than that over the control site, 


Report of cases 
CASE 1 


A 72-year-old woman was referred with a retinal 
detachment in the left eve which was associated with 
an underlying mass located in the superior portion of 
the globe. Visual acuity was 20/20 in the right eve and 
20/100 minus in the left. À non-rhegmatogenous retinal 


*Manufactured by EON Corporation, Brooklyn, New York. 


Address for reprints: Dennis M. Robertson, MD, 200 First Street 
SW, Rochester, Minnesota 53901, USA 


detachment was present, under which a raised relatively 
amelanotic lesion could be seen (Fig. ra). The clinical 
findings indicated the diagnosis of à primary malignant 
melanoma of the choroid. A general medical examination 
did not reveal evidence of metastasis or a primar, 
tumour elsewhere than in the eve. A total of 73o uCi 
of ?*P was given orally in anticipation of radioisotope 
testing. Three days later, the patient developed ocular 
pain accompanied by chemosis, congestion, and orbital 
swelling. Grade 2 flare and cells were present in the 
anterior chamber, and the vitreous contained blood 
originating from a haemorrhage within the tumour. 
Three days later (six days after receiving oral P) a 
radioactive phosphorus uptake study was performed 
while the patient was under general anaesthesia, in 
spite of the vitreous haemorrhage, it was not difficult to 
locate the tumour and determine placement of the 
radioactivity detection probe (Fig. 14 and Table D. 
Although the uptake study was only 60 per cent greater 
over the tumour site compared with the control, the 
clinical findings so strongly indicated primary malignant 
melanoma that the eye was removed. No evidence of 
extraocular tumour extension was recognized to account 
for the recent orbital inflammation. 

Histological sections demonstrated a large neerotic 
malignant melanoma of the choroid without evidence of 
extrascleral extension. Haemorrhagic choroidal detach- 
ments present in some areas caused significant thickening 
of the choroidal laver (Fig. 10). 


CASE 2 


A 66-year-old woman was seen in the eve department 
in August 1973 with a large, raised, choroidal mass in 


Table I Radioactive counts from tumour and 


control sites in Case 1 (see Fig. 1) 
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rig. 1. (Case 1). (a) Fundus showing choroidal malignant 
melanoma superior to optic disc. Photograph taken six 
days before **P testing. (b) Diagram showing clinical 
extent of choroidal tumour (hatched) and extent of 
secondary retinal detachment (shaded). Labelled areas ari 
utes of **P testing (see Table I). (c) Cross-section of eve 
containing necrotic malignant melanoma of choroid. 
Haemorrhagic choroidal detachment can be seen extending 
anteriorly from both sides of the tumour 


the superior portion of the left eve which was thought 
most likely to represent a primary malignant melanoma 
(Fig. 24). Past records showed that a retinal detachment 
had been recognized in the fellow eve 13 vears earlier 
and that there had been choroidal pigmentation in the 
superior nasal fundus of the left eye six years previously. 


Table II Radioactive counts from tumour and 
control sites in Case 2 (see Fig. 2) 
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Past medical history revealed that the patient had 
had three primary non-ocular carcinomas all managed 
at the Mayo Clinic during the preceding 17 years, 
These were a grade + Hurthle cell adenocarcinoma of 
the thyroid, a grade 3 adenocarcinoma of the left breast, 
and at a later date a grade 3 scirrhous carcinoma of the 
remaining breast, 

A radioactive phosphorus uptake study was done 
over the tumour in the left eve in August 1973, 48 hours 
after the patient received 730 uCi of *!P orally (Fig. 2% 
and ‘Table 11). The test was interpreted as being 
negative, Although our clinical impression remained 
strong that the eye contained a malignant melanoma. 
the eye was not removed. In anticipation of possibly 
removing the eye at some future date, the fellow eve 
with the longstanding retinal detachment was treated 
with a scleral buckling procedure. Although anatomic re- 
attachment was achieved, the visual acuity was not 





(2a) 


FIG. 2 (Case 2) (a) Fundus showing most inferior 
extent of choroidal malignant melanoma ( arrote) located 
superior to disc. (b) Diagram showing approximate 
clinical extent of choroidal tumour (hatched) and extent 
of secondary retinal detachment (shaded). Labelled areas 
are sites of ®P testing (see Table HH). (c) Fundus 
showing expansion of tumour (arrow). (Taken eight 
months after Fig. 24) 


improved bevond counting fingers. During the ensuing 
months, tumour growth was substantiated with photo- 
graphs ( Fig. 2c). In April 1974, a radioactive phosphorus 
uptake study was repeated, and the result was un- 
equivocally positive (Table IH). 

The poor vision in the fellow eye, the 20 20 vision 
in the eve containing the tumour, the age of the patient, 
and the history of three previously documented non- 
ocular primary carcinomas were factors that led to a 
decision to consider a trial of radiation therapy. A dose 
of 4000 rads was given to the lesion in divided doses 
during a 15-day period. Although the appearance of the 
tumour had changed little, vision failed seven months 
after irradiation because of intraocular haemorrhage, 
and in November 1974 the eye was removed. Histological 
sections confirmed the clinical impression of malignant 
choroidal melanoma (epithelioid and spindle B-cell type). 


Discussion 


The **P test, which fell into disrepute in the 1950s, 
has again gained popularity since the development 
of more sophisticated and more practical instru- 
mentation. ‘The testing technique itself, while 
demanding meticulous care in the manner of probe 
placement, is well suited. for the retinal surgeon 
who is doing scleral buckling 
procedures which require precise localizing tech- 
niques. Proper interpretation of the test is dependent 


accustomed to 


on accurate localization of the tumour to the scleral 
surface, just as proper management of a retinal 
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detachment requires precise localization of retinal 
defects to the The instruments 
must be in proper working order, and before eac! 
test, a new voltage plateau should be determined 
for the radioactivity electron probe and scaler 

The two cases with false-negative results reported 
herein emphasize the fact that a properly performed 
relied on to make th: 


scleral surface. 


33P test cannot be wholls 
diagnosis of malignancy. In 
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Case 1, important 
radioactive counts were the haemorrhagic choroidal 
detachment 
necrosis within the tumour itself 
thickness of the tissue, which increased the tumour 


located under the tumour and the 
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from the time of ?*P administration to the time 
of testing may have been excessive, allowing 
significant radioactive decay. 

In Case 2, we have no totally satisfactory 
explanation for the results being negative when 
the test was initially performed. Haemorrhage was 
not present, and the interval between administration 
of the radioactive phosphorus and the testing was 
48 hours. Although the phosphorus may not have 
been absorbed from the gastrointestinal tract, 
administration in all our cases has been done under 
supervision, and patients have been given the 
radioactive phosphorus on an empty stomach with 
specific instructions to avoid ingesting antacids the 
day that the **P is given, since compounds such as 
aluminium hydroxide gel can bind phosphorus 
(Albright and Reifenstein, 1948). However, the 
negative test results may have accurately reflected 
a period of minimal metabolic activity within the 
tumour, because eight months later when the test 
results were strongly positive, there was un- 
equivocal evidence of growth. In an effort to elimin- 
ate the uncertainties of 3P absorption after oral 
administration, we currently administer the ?*P 
intravenously. 

Our experience with these two cases, and that 
of Shields and others (1974), show that false- 
negative results can be recorded over lesions 
that later are verified as malignant melanomas. 
False-positive tests are also known to occur. 
Jarrett and Hagler (1972) reported a false-positive 
result of a ?!P test over a benign adenoma of the 
pigment epithelium. Metastatic lesions also gener- 
ally produce a positive **P test, and whereas choroidal 
haemangioma can generally be differentiated from 
melanoma by a negative ™P test result (Jarrett, 
Hagler, LaRose, and Shields (1975) reported no 
false-positive results in 29 cases) Cox (1975) 
recently reported three cases in which the ?*P test 
result was positive. 

While the potential merits of the ?*P test should 
be considered in reducing the possibility of mis- 
diagnosis, the relative safety of the testing procedure 
itself should also be considered. Seven hundred and 
fifty microcuries of radioactive phosphorus produce 
only a small dose of radiation, considering the 
short half-life (x4 days) and the shallow tissue 
penetration of beta-rays (International Commission 
on Radiological Protection, 1970). It is about 
one-quarter to one-fifth the initial therapeutic dose 
used for the treatment of polycythaemia (Wasser- 
man, 1976), and while the absorbed dose from 
750 u Ci of ?*P in ‘standard man’ is approximately 
28-5 rads (International Commission on Radiologi- 
cal Protection, 1970), information available from 
the National Council on Radiation Protection and 
Measurements suggests that the long-term radiation 
risk relative to development of leukaemia and other 


malignancies is probably only slightly raised 
(National Council] on Radiation Protection and 
Measurements, 1971). Even with repeated adminis- 
tration of *?*P for polycythaemia, haematological 
toxicity is usually minimal, if it Occurs at all, and 
other complications caused by radiophosphorus are 
most unusual (Wasserman, 1976). 

One must also consider whether the performance 
of the ?*P test in any way influences the incidence 
of delayed tumour metastasis. This will probably 
never be known because the ;tumour itself is so 
capricious, in regard to its local behaviour and to 
its mietastasis to distant sites. Nevertheless, the 
31P testing procedure is accompanied by significant 
manipulation both in the manoeuvre associated with 
tumour localization and in that associated with the 
actual radioactive counting. Posteriorly placed 
probes for posteriorly located lesions may in some 
instances disrupt the small ciliary vessels leading 
to the choroid. 

We have observed bleeding into and under 
malignant melanomas during the localizing step 
and are aware that others have experienced similar 
complications. Although there general is no 
urgency in enucleating an eye with malignant 
melanoma, once the episcleral tissue has been 
disturbed, and particularly if some of the posterior 
ciliary vessels are injured, prompt definitive 
treatment would seem desirable. 

While the properly performed **P test is a valuable 
test for determining malignancy of the posterior 
globe, we must guard against the tendency to under- 
emphasize experienced clinical judgement. Whereas 
the ??P test may in some instances prove to be more 
reliable than the examiners in predicting malignancy 
(Shields, Hagler, Federman, Jarrett, and 
Carmichael, 1975), the reverse may also be true, 
as demonstrated by Shields and others (1974) and 
the cases reviewed here. In such cases, clinical 
judgements have been superior to the ?*P test. The 
*2P test must be considered in proper perspective, 
with the understanding that it 1s a laboratory test 
with the potential for both false-positive and false- 
negative results. We do not use ?*P testing on all 
eyes suspected of harbouring melanoma because in 
many instances the tumour is considered sufficiently 
characteristic that a proper diagnosis can be made 
without invasive techniques. We do believe, 
however, that it is indispensable that at least two 
experienced examiners should evaluate a suspicious 
lesion. If enough uncertainties about the diagnosis 
persist, the lesion may be considered then for 3P 
testing or, alternatively, its growth can be watched 
with careful clinical drawings Or photographs and 
considered for **P testing later. In rare instances, a 
diagnostic trial of irradiation may be considered if 
there is a strong possibility that the tumour is 
metastatic. Until a more satisfactory, non-invasive, 


equally reliable, and practical test becomes available 
for determining malignancy, however, we anticipate 
that the ??P test will continue to be valuable as a 
diagnostic aid in the differential diagnosis of lesions 
in the eye. 


Summary 


Two false-negative results from *P testing for 
histologically verified malignant melanomas of the 
choroid are reported. In the first case, a haemor- 
rhagic choroidal detachment caused an increase in 
the distance between the tumour and the counting 
probe; additionally, the tumour was necrotic. Both 
factors are likely to have contributed to the false- 
negative result. A satisfactory explanation for the 
false-negative result in the second case was not 
determined, although it may have accurately 
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Book reviews 


The Effects of Blindness and Other Impair- 
ments on Early Development. Edited by Z. 5. 
JASTRZEMBSKA. 1976. Pp. 210, 15 tables, 37 figs, refs. 
American Foundation for the Blind, New York ($4) 


The reader will be wise to follow his own interests in 
approaching this compilation of papers from a conference 
held in 1972 at Ann Arbor, USA. The formal papers 
and also the comments, criticism, and discussion on 
each of the seven sessions are included; inevitably some 
of the subtleties of the issues discussed are lost in the 
compression of reported dialogue, but a number of the 
questions raised after the initial papers are pertinent 
and stimulating, sometimes even challenging the 
purpose of comparative developmental studies by 
questioning the point of attaining developmental mile- 
stones on schedule in the case of visually handicapped 
children who may in any case follow a different course 
from the non-handicapped in their development. 

The extent to which this is so, the cause of the 
differences, the purpose and effectiveness of intervention 
are the preoccupation of the contributors, a galaxy of 
serious researchers many of whom have established 
reputations of international standing in the psychological, 
social, and educational aspects of blindness. 

The heterogeneous nature of blindness is constantly 
referred to, and if there is a final impression that few 
conclusions are reached, then this is partly the aim and 
partly the result of the approach adopted. 'T'he infinite 
variety rather than the facile similarity of the problems 
is stressed, with the result that the emphasis is on an 
individual approach to meeting the needs of these 
children, with intervention based on an objective 
description of behavioural style. 

'There must have been ample supportive evidence to 
this approach in the films and video-tape of particular 
responses in individual children unfortunately un- 
witnessed by the reader. But there is interesting reading 
with the advantage of rigorous scientific study in quite 
specific areas of the behaviour and development of 
young blind children. Earlier studies, although showing 
awareness of some of the distinct sequels to blindness 
in infancy, have tended towards the global and general- 
ized in their observations; the approach in these papers 
is more specific, with attempts to trace more exactly the 
cause of differences in response patterns between chil- 
dren who are blind and those who are not. There is 
agreement that the degree of visual impairment bears no 
relationship with how well the child is able to function. 

Other factors with a bearing on this conclusion are 
considered in depth including parental attitudes towards 
the child and his handicap. 'Temperamental character- 
istics are identified by Dr Chase and her co-workers as 
major factors 1n the ability to overcome the handicapping 
effect of impairments. 

'The particular response patterns of the congenitally 
blind child are considered by Adelson and Fraiberg in 
papers concerned with the implication of sensory defect 
in infants blind from birth; Spigelman considers the 
effects of early blindness on the development of auditory- 
spatial learning, both the role of length of blindness, 
and the emotional reactivity of the child were shown to 
have a bearing on performance, 

Somatosensory deprivation is the theme of Preston’s 


substantial contribution; social deprivation as in 
institutional settings is an important factor for concern. 
The sensory basis of attachment, and the cerebellar 
mechanics of behaviour are also discussed. 

Adelson and Fraiberg present a fascinating study of 
self-representation in young blind children. "The 
observations of individual children have human interest; 
discussion following this paper even concentrated on 
some of the advantages and drawbacks of tactile vision 
substitute systems in the child’s search for identity. 

Attention is given to the problems of communication 
in the first three years of life for hearing-impaired 
children. The incidence of so many children with more 
than one sensory disability makes this section relevant. 

Finally, some attention is given to the characteristics 
of particular groups of visually handicapped children. 
Chase and Fernandez concentrate on rubella children; 
signs of the difficult child are described and suggested 
teaching situations explored; the need for early educa- 
tional intervention and for parent counselling is a 
recurrent theme. 

These deliberations indicate how much there is to 
find out about the young blind child, but also add 
considerably to our knowledge in specific areas of 
inquiry. ELIZABETH CHAPMAN 


The Scientific Work of René Descartes. By 
J. F. SCOTT. 1976. Pp. 211, 82 figs, bibliog. ‘Taylor 
and Francis, London (4,8:50) 


René Descartes was pre-eminently the most influential 
figure in the science of the 17th century; although his 
philosophical speculations were eventually largely 
discarded, he exerted a profound influence on scientific 
thought which in some respects still persists. 

He published nothing until he was 40 years of age, 
but thereafter he published a series of works rarely 
equalled. In 1637 there appeared his Discours de la 
Méthode with its three accompanying essays, La 
Dioptrique, Les Météores, and La Géométrie. In the first 
of these, starting from the proposition ‘I think, therefore 
I am’, a statement he deemed incontrovertible, he 
deduced on a basis of reason a universe of three con- 
stituents—the mind, material things, and God. In 
Dioptrics, a very detailed work, he discussed his theory 
of light and colours, refraction and aberration, and 
elaborated on the optical properties of the eye and the 
design of lenses. In Meteorology he discussed the 
mechanism of the origin of vapours, winds and clouds 
and, particularly, of the rainbow. His Geometry was the 
most outstanding of the three essays and had the greatest 
influence on the progress of scientific thought; in it he 
introduced the science of co-ordinate geometry and 
married arithmetic, algebra, and geometry into one 
science as applied to straight lines, circles, curves, and 
solid bodies. In his final work, the Principles of Philoso- 
phy, he gave an elaborate and exhaustive description of 
his whole system of philosophy of the universe created 
on & mathematical model in which space is filled with 
matter endowed with motion which in course of time 
had fallen into a series of vortices in which the sun, the 
heavens, and the earth were carried. 

Although much of this last was based on unsound 
mechanical principles, some of his work is extremely 


valuable, particularly in optics and mathematics, and 
was an essential prelude to the subsequent advances 
made by such workers as Newton. This volume provides 
delightful reading and is both critical and fully sympa- 
thetic; it 1s indispensable for anyone interested in the 
evolution of scientific thought, representing the first great 
step since the time of Aristotle. STEWART DUKE-ELDER 


Symposium on Ocular Therapy, vol 8. Edited 
by I. H. Leoro._p and R. P. Burns. 1976. Pp. 92, 
tables, figs, refs. Wiley, New York (512) 


One's heart sinks when books with a promising title 
turn out to be just the collected papers from some 
transient congress or symposium, and not a carefully 
planned and balanced presentation by the distinguished 
names which appear on the cover. One knows in 
advance that the result will be a hotch-potch of papers 
of widely differing quality, covering isolated topics 
which may, nevertheless, conflict or overlap. 

However, within these formidable limitations, the 
material here is generally excellent. The 10 ‘chapters’ 
are concise and readable, with much useful information. 
We are told about the toxicity of drugs used for squinting 
children (Apt and Gaffney), with a limited message that 
mongols, brain-damaged children, and infants are at 
risk from the stronger mydriatics and muotics; that 
corticosteroid-resistant uveitis is helped (but rarely 
healed) by azathioprine and chlorambucil (Burns, Laird, 
and Pirofsky); about the virtues and toxicities of the 
local anaesthetics used in ophthalmology (Ellis); of the 
disadvantages of corticosteroids (Havener)—a very 
good account; about newer antiviral agents (Kauffman) 
adenine arabinoside being a good alternative for IDU. 
resistant or IDU-allergic cases, while trifluorothymidine, 
which likewise does not share allergenicity or cross- 
resistance with IDU, has the advantage of greater 
potency and water-solubility; of the factors affecting 
drug penetration into the eye (Lieberman); wise words 
about the doctor-patient relationship (Newell); about 
the management of bacterial corneal ulcers (Pettit); of 
adrenergic drugs in simple glaucoma (Sears)—conclud- 
ing that the usefulness of epinephrine is proved, but 
that this is not yet so for the newer synthetic drugs; 
that, although platelet aggregation occurs in humans 
with diabetic retinopathy, it is not evident when this is 
induced by alloxan or by pancreatectomy in dogs 
(March, Engerman, and Shoch), an interesting finding, 


Notes 
Cataract Surgical and IOL Congress 


Miami Beach, s to 9 February 1977 

The fifth biennial congress will be held at the Fontaine- 
bleau Hotel, Miami Beach, Florida. There will be 7o 
speakers and approximately 200 papers which will be 
discussed by a faculty panel. Anyone wishing to present 
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shghtly clouded by the wry picture of those 15 beagles 
lining up for the chopper. P. D. TREVOR-ROPER 


Xerophthalmia and Measles in Kenya. By 
J. J. M. SAUTER. 1976. Pp. 235. Klimek voor 
Oogheelkunde, Ryks- Universiteit Groningen, 


Netherlands (DH 25) 


The Dutch school of nutritionists and ophthalmologists 
with a special interest in malnutrition and the eve has 
always been conspicuous in these fields. Dr Sauter’s 
book is a particularly successful and comprehensive 
account of the subject. The illustrations including 
several pages of colour photographs are excellent. Par- 
ticular attention has been paid to vital staining of the 
cornea and conjunctiva, the author concluding that lissa- 
mine green has advantages over other traditional stains. 

The author's particular concern was to examine the 
thesis that in many African countries much of the blind- 
ness was caused by xerophthalmia precipitated by the 
catalvst! measles. His conclusions were that xeroph- 
thalmia occurred nearly everywhere in Kenya in 1974, 
which shows that xerophthalmia is prevalent in. com- 
munities which do not have rice but where maize is 
eaten as the staple food; xerophthalmia appeared to be 
the main cause of blindness in Kenyan children: 
measles often played, by means of local and general 
‘catalysing’ effects, an important role in the development 
of blindness caused by xerophthalmia; in well-nourished 
children measles was of no consequence as a cause of 
blindness; staining by 1 per cent rose bengal or 1 per 
cent lissamine green appeared to be an asset in the early 
diagnosis of xerophthalmia in health centres and in 
field surveys. Staining is therefore important in the 
prevention of severe blindness inducing vitamin A 
deficiency. 

Later the author performed a short additional 
xerophthalmia investigation in Java, Indonesia, where 
he examined a small number of xerophthalmia patients 
and children with measles keratoconjunctivitis. “The 
result of vital staining and the corneal biopsies of these 
two groups of patients were in accordance with the 
findings in the Kenyan counterparts. 

This is a fine publication, in English with Dutch 
summaries, and with an excellent bibliography. Ht 
deserves to be, and probably will become, a classic tn 
this most important field of nutritional ophthalmology. 

D. PL CHOYCE 
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Barcelona, May 1977 672 Cameroon .. 
International Society of Geographic Ophthal- spheroidal, England 
mology, Meeting, Tunisia, May 1977 792 dimensions, pilocarpine and 
International Symposium of Fundus Fluoro- dystrophy, superficial, recurrent erosion and - 
graphy and Photocoagulation, Gleneagles, epithelium: lesions, a soft contact 
October 1976 160 lenses and HE 
International Symposium on C omputer- Assisted microcysts, recurrent erosions ; and 
‘Tomography, Bethesda, October 1976 co, 9 oedema, during three-mirror examination, 
Irish Vb set ied e Society, Meeting, HPMC solution made up in sodium 
Dublin, April 1976 78 chloride and . 
lerusalem Conference on Impaired Vision in erosion, recurrent: 
Childhood: Causes, Prevention, ‘Treatment, macroform T 
Jerusalem, May 1977 25 e e. 310 microform "n 
Jules Stein Eve Institute, Seminar, Current nocturnal lagophthalmos and. 
Concepts in Ophthalmic Plastic Surgery, Los neovascularization, argon laser therapy (rabbit) 
Angeles, November 1977 490 oval, in fucosidosis ; 
Mackenzie Symposium on Intraocular Fluids, reflex , photography, axial length of eye, deter- 
Stirling, September 1977 ; 702 mination and 
Midwinter Seminar in Ophthalmology, Miami stroma: oedema, soft contact lenses and ; 
Beach, January-February 1977 546 vessels, dilatation, fluorinated steroids causing 
Ophthalmological Society of Egypt, Scientific ulcer, peripheral, limbal conjunctivectomy for 
Meeting, Cairo, March 1977 310 Cortex, visual, evoked potentials, evaluation of 
Page and William Black Postgraduate School of homonymous and bitemporal field defects and 
Medicine, New York, Course on Dvslexia, Corticosteroids, Behcet's disease and... 
January 1977... " TE RG Cortisone, response to, South African Bantu with 
IX Pan-Hellenic Ophthalmologic cal MORBEENS glaucoma .. xd T Ps M 
Thessaloniki, May 1976 - e 189 Cryoprobe, with T-tip for retinal surgery 
X o ————— —— , Greece, May 19 vA 304 Cyclodialysis, traumatic .. 
Philadelphia Paediatric Ophthalmology Sym- Cycloplegia, belladonna and, William Wells and 
posium, Cherry Hill, New Jersey, June 1977 604 Cyst, within optic chiasm parenchyma... 
Rudolph Ellender Medical Foundation, Oph- 
thalmocryosurgical Seminar, New Orleans, Dacryocystorhinostomy, dacryolith in lacrimal 
October 1976... a Le 304 sac and — . 
Symposium on Colour Educ: ation, Renfrew, Dacryolith, around eyelash retained in lacrima! 
October 1976 . 848 sac 
Symposium on Retinal Deae. New Orlea ans, Dark adaptation, retinitis pigmentosa : sine pig- 
March 1976 ; - in cp 99 mento and : f a 
Workshop on Microsurgery, Singapore, May Deafness, diabetes insipidus, diabetes ‘mellitus, 
1977 604 and optic atrophy and, in childhood 








Diabetes: acute endocrine exophthalmos and 
mellitus, diabetes insipidus, optic a and 
deafness and, in childhood  .. 
senile cataract extraction and, age and race and 
vitreous haemorrhage and, vitrectomy in 
Diathermy machines, new uses for 
DIDMOAD syndrome 
Diseases, ocular: 
autoimmune, macrophage electrophoretic mo- 
bility and : Sa 24 =a i 
inflammatory, delayed hypersensitivity in, 
macrophage electrophoretic mobility and 
‘Dry eye’, pterygium and, in Bantu is 
Dystrophy, reticular, Siógren' s, reticular tapeto- 
retinal dystrophy and 
Electric oven and stove, radiant energy emission, 
cataract and ; : 
Electron microscopy: iiser E piusocvses 
in pigment epithelium in Hunter dystrophic rat 
macular region degeneration and ok 
optic nerve astrocytoma . . 
optic nerve metastasis from mediastinal carcin- 
oid tumour os - ae 2 
pigmented lens striae 
practolol-induced conjunctival changes and 
transmission, synapse formation in retino- 
blastoma tumours and 
vitreous opacities in amyloid disease 
Electron probe analysis, liquid. golf ball core 
ocular injury and.. Y" ih . 
Electro-oculography: ocular movements in 
spasmus nutans and 
peak angular saccadic velocities in internuclear 
ophthalmoplegia and .. T 
retinitis pigmentosa sine pigmento and | 
Electroretinography: Favre-Goldmann 
syndrome and 
reticular tapeto- -retinal dystrophy and . 
retinitis pigmentosa and Coats's disease and 
retinitis pigmentosa sine PIENENI and 
scleritis and "S i i b 
Encephalatiozoonosis, bilateral cataract due to 
(rabbit) "T 
Endophthalmitis: 
bacterial, intracameral gentamicin in 
fungal, unsuspected, in vitrectomy specimen 
scleritis and, enucleation and 
Entropion, cicatricial, trachomatous, surgical 
correction .. T i vs 
Enucleation: 
plastic surgery on upper lid after as 
scleritis and ; i» 
Ephedrine, pupil diameter and accommodation 
and, thymoxamine and .. 
Episcleritis: cataract and 
clinical manifestations 
glaucoma and E i 
rheumatoid arthritis and. "m aA 
rheumatoid, laboratory tests a - 
scleritis and, classification and description 
svmptoms .. - P4 ae 
svstemic disease associated with 
treatment .. p ; ; i 4 
Exophthalmos, doene acute, aioe tes and, 
steroid therapy and T 
Eye/Eyes: aphakic, schematic... E 
artificial, manufacture, method 
axial length, determination, simple method 
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axonal transport and ; 
examination in scleritis and epise leritis. 
Eye-rubbing, keratoconus and 
Eyelashes, see Cilia 
Eyelid, see Lid/Lids 


Fascia lata, transplantation in high myopia 
Favre-Goldmann syndrome: diagnostic features 
electroretinographic findings in. 
Fibrosis, subretinal, in onchocerciasis 
Fields, visual, see Visual fields 
Flies, role in communicable ophthalmia . 
Fluorescein: angiography, see Angiography 
perifoveal capillary leakage, after cataract 
extraction 
Foreign body, bacterial endophthalmitis due to, 
intracameral gentamicin and 
Fucosidosis, ocular findings in 
Fundus: 
angiography, fluorescein, see Angiography 
neovascularization, photocoagulation in central 
retinal vein occlusion and LA 
i eye, 


reflectometry, differential, rhodopsin 
assessment, and 
Fungus: 
endophthalmitis, unsuspected, in vitrectamy 
specimen 


infection, ocular, dire “ct, prev ention 

keratitis due to, in Nigerta 
Fusarium solani: 

keratitis due to, in Nigeria 

ocular infection 


-Galactosidase deficiency, parental, GM,- 
generalized gangliosidosis in child and. 
Gangliosidosis, GM, -generahized, corneal cloud- 
ing and 
Gaze, conjugate, 
nuclear pathways 
ophthalmoplegia - sg - - 
Gentamicin, intracameral injection, in bacterial 
endophthalmitis T "V - 
Glaucoma: advanced, intraocular surgery in 
closed-angle: bien tests and 
push-and-pull mechanisms in 
syndrome 
intraocular pressure and: postura al 
posture and, tonometric study 
lens capsule pseudoexfoliation and 
neovascular, photocoagulation in central re tinal 
vein occlusion and 
optic disc in, classification, stereophotographs 
and sf ; Ea T a us 
plasma cortisol suppression response m South 
African Bantu with e 
retinal vein occlusion, chronic, in 
reversible central retinal artery occlusion and, 
sickle trait and . 
rubeotic, retinal vein oeclusiin and 
scleritis and episcleritis and n 
secondary, persistent hyvaloid vessels and 
surgery: ‘central visual loss after 
trabeculectomy, Black Americans and 
treatment: oral atenolol and propranolol 
compared - 
pilocarpine, ocular dimensions, changes à and 
Glioma, juvenile, removal, astrocytoma bu years 
after 
Glucose tolerance, normal, diabetic retinop j»athy 
and 


lesions of supra- 
internuclear 


horizontal, 
subserving, in 


change and 


8st 


hb eu OD 


E d 
CORE RS 9 BY MA 
vA Kan. G 


E 


t 


m UG vx 
Yo 


at 
ma 
a 


fad o 


oom pa be 
E 


“JON i SE do Po 
Q 


Le s 


LG* em 


Cw 


852 British 


Journal of Ophthalmology 


Golf ball: contents, analysis T - 
cores, liquid, ocular injuries due to 


Wr endo Ret sickle, Mn streaks 
Head: movement in spasmus nutans 


nodding in spasmus nutans, a learned be- 
havioural pattern 


tumours, mangani neutron therapy, ocular 
Hemianopia: 
bitemporal, evaluation, visually evoked cortical 
potentials and . 


homonymous, evaluation, visually evoked corti- 
cal potentials and : 
Heredity: annular choroidal sclerosis and. 
diabetes insipidus, diabetes mellitus, 
atrophy, and deafness syn and 
Favre-Goldmann syndrome and 
retinoblastoma and 
rete ane adhesive in retinal detach- 


Histoplasmosie-like syndrome, ocular, de novo 
lesions in .. 
Hoo: pupil diameter and accommodation 


optic 


ymoxamine and.. 132 
Hunter dystrophic rat, laser induced  phago- 
cytosis in pigment epithelium in 819 
Hyaloid vessels, persistent, vitreoretinal reac- 
P rios and .. 829 
phthalmus, persistent hyaloid vessels and 830 
methyl cellulose solutions, 
made up in sedium chloride, corneal epithelial 
.oedema during three-mirror examination and.. ^ 75 
on: 
ocular: propranolol and, early dose response 
analysis and : i4 x M .. 680 
treatment, oral atenolol and propranolol 
com 5489 
retinal arterial macroaneurysms, acquired, and 21 
Illusions, oculogyric, William Wells and 81 
Immunoglo : AED uveitis and 299 
IgA, in tears, practolol and - 684 
in tears, normal Indians . 302 
Immunological survey, patients with scleritis 
and episcleritis .. 165 
Immunology: 
cellular immunity in ocular tumours, macro- 
phage electrophoretic mobility and . 589 
optic neuritis in Handy comun -"Barré-Strohl 
-syndrome and . , 58 
Implant, orbital, cadaver bone as Sy 6 
In normal, immunoglobulins in- tears of... 302 
Injury, ocular: 
liquid golf ball core causing, electron probe 
analysis and — .. e 340 
perforating: intracameral | gentamicin and 750 
prognosis vis 737 
review .. 732 
surgical management, progr 731 
International "ener "for 1 the Prevention of ` 
Blindness 231 
Intraocular pressure: changes, pilqcarpine a and 676 
effects of oral atenolol and propranolol com- 
pared, in glaucoma  . 789 
fall, Llon with dose of propranolol 680 
measurement, applanation pneumatonograph 
and 107, 111 


postural change and, glaucoma and 


741 


III 


posture and, applanation tonometers compared, ` 
and RT .. 687 
reduction, neutron therapy and.. s 2e 24I 
response, propranolol and .. 68o0- 
rheumatoid episcleritis and acléritis and .. 203 — 
Iris: coloboma: duplicated lens and $5 .. 673 
Klinefelter syndrome and .. — .. .. 661 
diapbragm, torn, repair .. a sw SE 
extrusion through scleral i injury - is .. 748. 
prolapse, repair .. 31, 748 
sphincter, involvement i in ‘myasthenia gravis .. 598 
Isoenzymes, lactic vere in queque 
humour, in retinoblastoma ; 75 
Keratitis: mycotic, in Nigeria  .. hes .» 607 
Nocardia as e. I04 7 
rosacea, limbal conjunctivectomy and . 415. 
_scleritis due to .. - ej) -I4 € 
suppurative, causes and treatment ‘ 606 
Keratoconjunctivitis, aunecoca, limbal con- 
junctivectomy and . 714 
Keratoconjunctivitis Sicca: limbal conjunctiv- 
ectomy and  .. : e 714 
quantitative tear lysozyme assay in. .. 72 
rheumatoid scleritis and episcleritis and: .. 204 ` 
Keratoconus: aetiology of .. 522 
contact lens fitting after keratoplasty for .. 263° 
patients, general medical and psychological 
associations of . 522 
Keratolysis, necrotizing écleritis and —.. 174. 
Keratometric changes, after cataract extraction 638 
Keratopathy: 
chloroquine, aia anes ai clofa- 
zimine and . 526 
droplet, England .. Es ic 493 . 
Keratoplasty, contact lens fitting after .. 263 . 
Klinefelter syndrome, uveal colobornata and .. 661 
Lacrimal: 
gland: damage, practolol and .. 684. 
function, tear lysozyme concentration and . 73 
sac, ary Anau formation around eyelash re- 
tained 722 


Lactate dehydrogenase isoenzyme pattern, 
in ocular musel 


striae, pigmented, electron-microscopic study.. 287 
surface, anterior, curvature, changes, pilocarpine 
676 


zonular bundles, fibrils, pigmented striae and... 287 


es, myo 657 
Lactic dehydrog er ea in aqueous 
humour, in dicen aarp rao : 75, 672 
Lagophthalmos, nocturnal, recurrent corneal 
erosion and " " 
-Barré-Strohl syndrome, optic 
neuritis in. 58 
Laser: argon, ‘therapy: corneal neovascularization 
and (rabbit) .. 464. 
instrument 464. 
ruby, phagocytosis due to, in pigment epithelium 
of Hunter dystrophic rat ^... 819 
Lens (crystalline): 
capsule: fragmentation studies .. b e 763 
pseudoexfoliation, glaucoma and — .. .. 279 
duplication, congenital 673 
epithelium, selective affinity of Encephalitozoon 
cuniculi for e. 5 625 
extraction, ultrasound and (rabbit) ea. 789 
fragmentor/aspirator 160 . 
microsporidia in, electron micrographs (rabbit) 
624, 626—630 _ 

















Lens (opt.), iris clip, hard corneal lenses com- 
pared with, in uniocular aphakia i x 
Leprosy, uveitis and, in Bantu adults 
Leucocoria, cataract and, persistent hy perplastic 
primary vitreous and .. v 
Lid/Lids: 
cancer: radiation treatment, survey 
treatment, surgery and/or radiation .. 
changes, neutron therapy and 
red macules and spider naevi on, in fucosidosis 
region, basal cell carcinoma in 
tumours, classification 
upper, plastic surgery on, after enucleation 
Lipid deposits: episcleral, age and 
subconjunctival, age and 
Lysine, plasma, in hereditary retinal disease 
Lysozyme assay, quantitative, in tears, activity 
per microlitre 


Macrophage electrophoretic mobility, cellular 
immunity in ocular tumours and 


Macula/Macular: 
cherry-red spots, GM,-generalized gangliosi- 
dosis and X ix T E 
degeneration: disciform, indocyanine green 


fluorescence angiogram 
juvenile, plasma amino-acids in 
senile, natural history . 
function, visual fields and, surgery in advanced 
glaucoma and 
lesions, presumed ocular histoplasmosis and . 
oedema, cystoid, after cataract extraction, pros- 
pective study 
region: degeneration, ageing and 
vascular remodelling, sickling haemoglobino- 
pathies and 
vascular remodelling, 
pathies and 
Maculopathy: 
bull’s eye: estimation of x-L-fucosidase in 
in fucosidosis 
retinal vascular changes i in 
disciform, haemorrhagic, indocyanine 
fluorescence angiogram 
postoperative, in late glaucoma . 
Malawi, causes of blindness among blind school 
students in 
Measles, blindness due to, in Malawi 
Mediastinal carcinoid tumour, optic nerve 
metastasis and .. 
Mesenchymal defects, generalized, keratoconus 
and 
Methaqualone, bull's eye maculopathy and retinal 
vascular changes and 
Microscope, retinal a 
Microscopy, electron, see Electron ticos CODY 
Microsporidan, cataract due to (rabbit). 
Microsurgical Instrumentation Research As- 
sociation, titanium alloys and . " 
Middle East, communicable ophthalmia, cuiua 
tion, and .. 23 i iot 
Mount Everest, contact lens wear on... E 
Movements, ocular: 
normal, head nodding and, in spasmus nutans 
rheumatoid scleritis and . 
saccadic, peak angular velocities and, 
nuclear ophthalmoplegia and.. 
in spasmus nutans e E 
Muscles, extra-ocular, lactate deliudrsbenuee 
isoenzyme pattern in, myopia and box 


sickling haemoglobino- 


green 


inter- 
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Myasthenia gravis: abnormal pupillary 
ponses in 
iris sphincter involv ement in 
Mydriasis, reversal, thvmoxamine and 
Myopia: 
distribution, in aphakic retinal detachments 
high, fascia lata transplantation for 
lactate dehydrogenase isoenzyme 
ocular muscles and 
predisposing to cataract . . 


rese 


pattern in 


Naevoid basel cell carcinoma syndrome 

Negroes, American, trabeculectomy in glaucoma 
in .. 

Nervous tissue myelin, autohypersensitivity to 

Neutron therapy: maligne! tumours and 
ocular effects 

Nigeria, mycotic keratitis in 

Nocardia asteroides keratitis . 

Nosematosis, bilateral cataract due to ( rabbit) id 

Nystagmus, pendular, GM -generalized ganglio- 
sidosis and 


Obituary: 
CHATTERJEE, B. M. 
DE SARAM, RODNEY 
GALLOWAY, NORMAN Parmck ROBERT 
HanTRIDGE, HAMILTON 
LONG, KATHLEEN 
RIDDELL, WILLIAM Joux BROWNLOW 
SPAETH, EDMUND B. 
THOMAS, Sir Tupor 
Onchocerciasis: 
ocular, treponema! disease and . 
posterior segment lesions, morphology, i in 
Ophthalmia: acute, trachoma and 
communicable: control of, in Middle 
mass chemotherapy and T 
Ophthalmic surgery, see Surgery, ophthalmic. 
Ophthalmoplegia, internuclear, peak angular 
saccadic velocities in, electro-oculographic study 
Ophthalmoscopy, obstructed axoplasmic trans- 
port after ocular vascular occlusions and 
Optic: 
. atrophy, diabetes insipidus, diabetes mellitus, 
and deafness and, in childhood 
chiasm, parenchyma, cyst within 
disc: changes, in onchocerctasis 
cupping: bean-pot 
pathogenesis, temporal arteritis and 
with neuroretinal rim pallor 
without neuroretinal rim pallor 


East 


drusen, retinitis pigmentosa and Coats’s 
disease and , 3 = 
glaucomatous, class ification, stereophoto- 


graphs and 
nerve fibre swelling at: posterior ciliary artery 
occlusion and oa 
retinal artery occlusion and 
neuroretinal rim notching, focal 
overpass cupping b 
nerve: astrocytoma, recurrence after 483 years . 
disease, onchocerciasis and 
function, Uhthoff's syndrome and 
metastasis, mediastinal carcinoid tumour and 
neuritis: in Landry- Guillain-Barré-5Strohl syp- 
drome 
Uhthoff's syndrome and 
neuropathy, ischaemic, anterior. 
Optogram, assessment of rhodopsin in eye e and. 
Orbital implant, cadaver bone as i: 
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Ornithine, plasma: in hereditary rouna e disease , 
increased, normal fundus and 

Ornithone ‘metabolism .. 

Osmotic therapy, glaucoma and sickle trait and. 


Pars plana vitrectomy, for poate hype 
plastic primary vitreous . . 
Penicillium keratitis, in Nigeria 
Phosphorus, radioactive, uptake 
negative, choroidal melanoma and : 
Photocoagulation: laser, argon, deae arterial 
macroaneurysms and . 
retinal branch vein occlusion and 
xenon arc: central retinal vein occlusion. and, 
prospective study .. és 
retinal arterial macroaneurysms and.. 
Photo sen: determination of axial length of 
eye an 
rg. glaucomatous optic disc classification 


test, false 


(ctii gue, clinical assessment of rhodopsin and 
Pilocarpine: anterior chamber dimensions and 
continuous infusion, PUDIUCQUNSIGMOR: and . 

corneal dimensions 
effect on visual acuity 
effectiveness, pH and 
lens surface, anterior, curvature, “changes, and 
hi pau effect, mode of administration 
an 
Pinguecula, corneal and conjunctival spheroidal 
degeneration and . 
Plasma: amino-acids, in hereditary retinal disease 
cortisol suppression response, South African 
Bantus with glaucoma and : 
viscosity, retinal vein occlusion and  .. 
Ene nog. ODD clinical evalu- 
ation  .. 
intraocular pressure and, "postural change and.. 
Polyneuritis, optic neuritis and .. 


Posterior segment, lesions, morphology, oncho- 


cerciasis and 
Posture: change, intraocular pressure in glauco- 
matous eyes and 
effect on intraocular pressure, tonometers com- 
pared and n ic Tm a" 
Practolol: ocular toxicity:. 
pathology of S 
Prevention of Blindness Year .. 
Propranolol: 
ocular hypotensive effects, early dose response 
analysis .. : 
oral, ocular hypotensive effect, atenolol compared 
Provocative tests, in closed-angle glaucoma 
Pterygium, dry eye and, in Bantu S 
oc , measurement, applanation pneu- 
gar ps reo evaluation, and 
Pupil/Pupillary: block, increased trabecular 
meshwork outflow and, closed-angle abel 
syndrome and . 
constriction, pilocarpine, continuous infusion 
or ss single drop, and. 
diameter, homatropine and ephedrine and, 
ee and à 
responses, abnormal, in myasthenia gravis sa 
Pupi iden ograph ; infrared video-, vases gravis 


bd 


Radiation: infrared, from electric ovens aps 
stoves, cataract and 
non-ionizing, cataract and 
therapy: basal cell carcinoma in lid region and 


cancer and is i at 
lid cancer and . 
protective devices and.. ; ee 
Radioisotope, **P, uptake test, false egatives 
and, choroidal melanoma and .. k 
Reflectometry, fundus, differential, 
of rhodopsin in eye and . 
Retina/Retinal: arterial tree, temporal, arleurysms 
artery, central, occlusion: obstructed retrograda 
axoplasmic transport and .. ' 
reversible, sickle trait with glaucoma!and 
branch vein occlusion, neovascularization after 
cells, ganglion, rarefaction, persistent Min 
vessels and . 
changes, persistent hyaloid vessels nd T 
detachment: aphakic, distribution of niyopia i in 
subretinal fluid absorption and Js 
surgery: histoacryl tissue adhesive and $5 
preserved sclera and  histoacryl tissue 
adhesive and ; J. ; 
tears and, histoacryl tissue adhesive and jos 
disease, hereditary, Viae Vigo lysine, yin 
taurine in ; 
dystrophy, reticular i 
ischaemia: cilio-retinal ‘arterioles and, retinal 
vein occlusion and .. 
total, return of retinal and optic nerve function 
and 
lesions : morphology, i in Seige stasis T 
new, presumed ocular histoplasmosis and .. 
toxocariasis and, in adults .. EA ; 
macroaneurysms, arterial, acquired [ : 
microscope 
photoreceptor debris, reduction, laser irradia- 
tion and (rat) .. 
pigment epithelium: atrophy, i in REEE 
detachment, Sao green eee 
angiogram. 
disease, Sjögren’: s reticular dystrophy and . 
hypertrophy, congenital, retinal vascular 


essment 


laser indücbd phagocytosis i in, Hunter dystro- 
phic rat 
naevus, indocyanine green TUE angio- 


gram . 
receptors, Sjögren’ 8 reticular dystrophy and . 
sub-, fluid, absorption, factors influencing 
surgery, cryoprobe with T-tip for PT 
vascular changes, bull’s eye maculopithy and, 
methaqualone and  . 
vascular disease, extensive, Fivre- Goma 
syndrome and . 
vasculature, abnormalities, retinal TEM epi- 
thelium hypertrophy, congenital, and 
vein: central: occlusion: prognostic significance 
of fluorescein angiography in 
xenon arc photocoagulation in, prospective 


study 
occlusion: blood viscosity and TR 
chronic, glaucoma and "i = 
cilio-retinal infarction after bets 
morbidity and iu $a Vang 
ten-year follow-up .. "S 
visual prognosis .. 2d ER 
venous obstruction 
vessels: hypoplasia, persistent hyaloid Vessels and 
peripheral, disease, homozygous uus 
disease 
tortuous, homozygous sickle-cell disease and 
ES 
ts's, retinitis pigmentosa and optic disc 
drusen and js EN y P 
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Retinitis (cont. ) 
pigmentosa: Coats’s 
drusen and .. 
copper metabolism in.. 
laser induced phagocytosis in | pigment epi- 
thelium in (rat) at Ai $ c 
plasma amino-acids in 
sine pigmento, unilateral 
prohferans, homozygous sickle-cell disease and. 
septicaemic, uveitis and, in Bantu adults 
Retinitis Pigmentosa Foundation 
Retinoblastoma: aqueous humour lactic dehydro- 


disease and, optic disc 





genase isoenzymes in .. ics 2 75, 


in four generations "n - 
p incidence in South African Bantu 
| tumours, synapse formation in .. os 
Retinopathy: 
bull's eye, estimation of «-L-fucosidase in 
diabetic: normal glucose tolerance in 
unsuspected fung: ral endophthalmitis in vit- 
rectomy specimen and 
pigmentary, neutron therapy and 
sickle-cell, severity, angioid streaks and 
Retinoscopy, after cataract extraction 
Rheumatology, scleritis and episcleritis and 
Rhodopsin, clinical assessment, technique for 
Richner-Hanhart syndrome, tyrosinaemia and 


and, in Bantu adults 
lesions, granulomatous, collagen 


Sarcoidosis, uveitis 
Sclera/Scleral: 
and 
preserved, retinal detachment surgery and 
thinning, episcleritis and scleritis and .. T 
Scleritis: cataract and 
clinical manifestations and ; e 
episcleritis and, classification and description tx 
evaluation of eyes enucleated for 
glaucoma and 
keratitis and 
posterior, features 
rheumatoid arthritis and. 
rheumatoid, laboratory tests 
systemic disease associated with 
treatment 
uveitis and ; 
Sclerosis, multiple, Uhthoff’s syndrome and 
Serum: antibodies , antinuclear, practolol and 
immunoglobulins, practolol and 
Sickle-cell disease: homozygous, ocular findings 
in elderly Jamaicans with - 
incidence of angioid streaks in 
Sickle-cell haemoglobinopathies: 
angioid streaks and (t 
macular and perimacular vascular remodelling 
in 
Sickle-cell trait haemoglobinopathy: dangers 
of osmotic therapy in ; 
reversible central retinal artery occlusion and, 
glaucoma and 
Sjogren’s reticular dystrophy, reticular tapeto- 
retinal dystrophy and 
Skin, changes, tyrosinaemia and 
Smallpox, blindness due to, in Malawi 
South African Bantu: 
adults, uveitis, aetiology, i ee 
plasma cortisol ee a response. in, in 
glaucoma i : 
retinoblastoma, incidence, in 
Spasmus nutans, head and eve mov ement in 
4 Stargardt's disease, indocvanine green fluores- 
cence angiography and 
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| Steroid therapy, acute endocrine exophthalmos 
and - ~~ 
Steroids, fluorinated, 
dilatation due to... 
Surgery, ophthalmic: 
cryoprobe with T-tip and i l 
micro-: instruments, titanium alloys in 
suction instrument ue 
plastic, on upper lid after enucleation 
Sutures, Vicryl, cataract extraction and .. 
Syphilis, uveitis and, in Bantu adults 


corneal stromal vessel 


Tapeto-retinal dystrophy, reticular, Sjógren's 
reticular dystrophy and 
Taurine: metabolism 
plasma, in hereditary retinal disease 
Tear/Tears: antibodies in, practolol and 

IgA, practolol and T 

immunoglobulin | evels, in normal Indians 

lysozyme assay, quantitative, units of activity 
per microlitre 

Tension, ocular, see Intraocular pressure 

Thymoxamine, pupil diameter and accom- 
modation and, homatropine and ephedrine and 

Titanium alloys, ophthalmic microsurgical in- 
struments and 

Tonometer: 

Goldmann: applanation pneumatonograph com- 
pared with RE Èi 
pneumatonograph and Perkins 

compared, in glaucomatous eves 2 

Mackay-Marg and rapid pneumatic, postural 
effect on intraocular pressure and : 
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HOW SIMPLENE 
BENEFITS THE PATIENT AS WELL 
AS THE GLAUCOMA. 


Because there is no separate á F 
D 





DECEMBER 1974 


- 























dropper, the risk of 

contamination and 

subsequent infection 
- is negligible. 


Functional shape is highly 
stable, ridged surface 
helps the patient to 
grip the bottle. 


Simplene effectively 
reduces intra-ocular 







All in one 
E pressure in open bottle and 
angle, primary dropper 
or secondary X makes 
p glaucoma. ON Simplene 
£p easy to use. 
Pe CORY PAM No fuss and 
bother. 


Convenient plastic 
bottle will not 
break if dropped, 
can be confidently 
carried in handbag 
Or suitcase. 







SIMPLENE 
Relieves the pressure of glaucoma 
Reduces pressure on the patient 


M. Simplene is a = 
Registered Trade Mark 


o 
Contents will Further information is S 
not spill if available on request from: = 
the bottle is Ñ Smith & Nephew Pharmaceuticals Ltd 5 
knocked over. | Welwyn Garden City, Hertfordshire. England =, 
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Since January 1976 the BRITISH JOURNAL OF OPHTHALMOLOGY has been 
published in a microfiche edition simultaneously with the standard paper 
edition. Overseas subscribers to the microfiche edition will receive microfiches, 
by AIR MAIL, within days of publication. The availability of the microfiche 
edition should have great appeal to libraries and other readers far distant from 
the United Kingdom. 

The microfiches produced for the British Medical Association conform to 

the international standard as laid down by the National Microfilm 

Association of America. These microfiches are produced by a step and 

repeat camera with duplicates produced on silver halide film for 

archival permanence. Each fiche measures 105mm x 148mm and can 

contain up to 98 images filmed at a reduction ratio of 24 x along with 

an eye readable title for identification. Details of microfiche volume 

binders are available on request. 
The subscription prices for each annual volume on microfiche are as follows: 

Inland Abroad 
For subscribers to the paper edition £13.50 US:27 00 
For those who do not subscribe to the £2025 US:40 50 
paper edition 

Volume 59, 1975, is also available on microfiche at these rates 

Orders for the microfiche edition of this journal can be sent to: 
The Publisher, BRITISH JOURNAL OF OPHTHALMOLOGY, B.M.A. House, Tavistock 
Square, London WC1H 9JR. Readers in the U.S.A. can order from: BRITISH MEDICAL 

+ 


JOURNAL, 1172 Commonwealth Avenue, Boston, Mass. 02134, or through any leading 
subscription agent. 
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TRANSACTIONS " 

of the ec 
OPHTHALMOLOGICAL SOCIETIES 
OF THE UNITED KINGDOM 


Transactions of the Ophthalmological Societies of the United 
Kingdom, published since 1880 in a single volume, is now 
published in four separate parts as follows: 


I The Annual Congress of the O.S.U.K. (held in April, published 
in the Autumn) 
II The Oxford Congress (held in July, published in the Winter) 
HI The Cambridge Symposium on ‘The E ye in Connective Tissue 
Disease' (held in September, published in the following Spring) 


IV Papers from the Irish, Scottish and provincial societies, Reports 
from affiliated organizations throughout the world, and the 
Annual Index (published in the Summer) 


Volume price (4 parts): Inland £18-00; Overseas US$49-00 
Parts may be purchased separately. Price: Inland £6:00; Overseas 516-20 


The first part of Volume 96 was published Autumn 1976 


ORDER YOUR SUBSCRIPTION FROM: 


The Subscription Manager, 
Professional & Scientific Publications, B. M.A. House, — 
Tavistock Square, London WCIH 9JR 













The only way to judge the quality 

of an ophthalmoscope is to handle it, 
look through it, and form your own 
opinion. The New Specialist 
Ophthalmoscope iS available now 
for your inspection in our London 


showroom. 


K Keele 


21-27 Marylebone Lane, 
London W1M 6DS. 
01-935 8512 
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